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PREFACE
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CONVIRSION FACTORS, U.S. CUSTOMM TO NITRIC (SI) UNITS OF MASURMCNT

U.S. customary units of measurement used in this report can be converted to
metric (SI) units as follows:

mlultiply by To obtain

inches 25.4 millimeters
2.54 centimeters

square inches 6.452 square centimeters
cubic inches 16.39 cubic centimeters

feet 30.48 centimeters
0.3048 meters

square feet 0.0929 square meters
cubic feet 0.0283 cubic meters

yards 0.9144 meters
square yards 0.836 square meters
cubic yards 0.7646 cubic meters

miles 1.6093 kilometers

square miles 259.0 hectares

knots 1.852 kilometers per hour

acres 0.4047 hectares

foot-pounds 1.3558 newton meters

millibars 1.0197 x 10- 3  kilograms per square centimeter

ounces 28.35 grams

pounds 453.6 grams
0.4536 kilograms

ton, long 1.0160 metric tons

ton, short 0.9072 metric tons

degrees (angle) 0.01745 radians

Fahrenheit degrees 5/9 Celsius degrees or Kelvins1

IT* obtain Celsius (C) temperature readings from Fahrenheit (F) readings,

use formula: C - (5/9) (F -32).
'r To obtain Kelvin (K) readings, use formula: K - (5/9) (F -32) + 273.15.
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GLOSSARY

ERGOT - A dark, spongy, parasitic mass of fungus found on the ovaries of
various grasses.

FETCH LENGTH - The horizontal distance wind blows over open water to generate
waves.

IRREGULARLY FLOODED - Areas of the shoreline which are not covered and
uncovered by the rise and fall of the tide on a daily basis, but are
subject to flooding during extreme lunar tides or wind setup. Generally,
the region between mean high water and the estimated highest tide.

PRIMARY PROIXCTIVITY - The rate at which energy is stored by photosynthesizing
organisms (chiefly green plants) in the form of organic substances.

PLANT PROPAGATION - Increase in number, or multiplication, of plants to
perpetuate the species or variety. Also, the process and methods employed
by man to promote natural increase in some plants and to bring increase
about under conditions when it would not otherwise take place.

PLUG - A root-soil mass with attached aerial stems of living plants. A type
of PROPAGULE.

POTTED NURSERY SEEDLINGS - Plants raised in nurseries in peat moss or plastic
pots, usually the latter. Seeds are placed in the pots, germinated, and
plants are raised for 3 to 7 months. A type of PROPAGULE.

PROPAGULE - A plant material such as seeds, SPRIGS, or seedlings used in PLANT
PROPAGATION.

RHIZOME - A horizontal underground stem.

REGULARLY FLOODED - Areas of the shoreline which are usually covered and
uncovered by the daily rise and fall of the tide. Generally, the region
between mean low water and mean high water.

SPRIG - A part of a plant consisting of at least one node (joint of a stem
from which the leaves arise) with attached stems and roots of living
plants. A type of PROPAGULE.

1I 
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SHORE STABILIZATION WITH SALT MARSH VEGETATION

Paul L. Knutson and W.V. Woodwouae, Jr.

1. INTRODUICTION

Shore erosion is a common problem in the bays, sounds, and estuaries of
the coastal United States. A wide variety of structures have been developed
and used to control this erosion. However, due to environmental objections
and economic limitations it is often Impractical to use even the most innova-
tive of these structures. This is particularly true for relatively low wave
energy areas where erosion may be costly but is not yet catastrophic. low-

f cost, nonstructural techniques are now available for controlling erosion in
salt and brackish water, low wave energy areas of the contiguous United States
using native marsh plants. Vegetation, where feasible, is usually lower in
cost than structures and may be more effective.

This report provides comprehensive guidelines on the use of marsh plants
to control shore erosion resulting from wind waves and tidal currents. The
report has been carefully organized to facilitate its use as a reference
document. Each major section addresses a specific facet of project planning,
design, or construction; most sections end with a summary of information
generally presented in the form of graphs, tables, and matrices.

Il. BACKGROUND

This section provides a background of information on the subject of using
marsh plants to control shore erosion. It discusses the role of marshes in
providing stability to the shore, describes natural coastal marshes by region,
and provides an introduction to the concept of encouraging marsh establishment
to reduce shore erosion.

1. Role of Marshes in Shore Stabilization.

Marsh plants perform two functions in abating erosion. First, their
aerial parts form a flexible mass which dissipates wave energy. As wave
energy is diminished, both the offshore transport and the longahore transport
of sediment are reduced. Optimally, dense stands of marsh vegetation can
create a depositional environment, causing accretion rather than erosion of
the shoref ace. Second, many marsh plants form dense root-rhizome mats which
add stability to the shore sediment. This protective mat is of particular
importance during severe winter storms when the aerial stem provide only
limited resistance to the Impact of waves.

a. Have Attenuation and Sediment Trapping. Wave attenuation in marshes
has not been studied extensively. Wayne (1975) measured small waves passing
through a smooth cordgrass marsh at Adams Beach, Florida. Dean (1979) gives
the following empirical methodology for describing wave dampening in marshes,
based on empirical estimates of the fluid drag forces occurring on vertical
cylinders and laboratory observation of various arrays of cylinders:

13
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It can be oh that with reasonable assumptions, the ratio of
Incident wave height Hif seaward of a stand of marsh grams,* and

heh 1 . landward of the stand of marsh grass, are related as
follow:

Hjt
Hi I +M

where

CD Dt

A 3w S2d

CD - Drag coefficient (ul.0)

D - grass stalk diameter

I - length of "stand" through which waves propagate

S - average spacing of grass stalks (assumed on square
centers)

d - water depth (assumed to be constant)

Example: Consider the following: grass stalks 4 millimeters In
diameter on a 6-centimeter spacing in a water depth of 25 centimeters
extending over a stand length, £, of 10 meters.* For this example
an Incident wave height, k., of 15 centimeters will be considered.
The height, Re, at the landward end of the stand is

CD D9

A 3w S2d

A (0.4)1000

3w(6)225

A -0.04.71

and
Hi

to I +AHI

15

to 1 + 0.0471(15)

R H 8.8 cm

14
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This Ls a 41-percent reduction in the incident wave height. The
associated rate at which energy will be dissipated against the
shoreline will be reduced by 65 percent. In a series of field
experiments Knutson, Seelig, and Inskeep (in preparation, 1983) found
a modified version of the Dean model useful in predicting wave
damping in sloping, natural marshes. They found that under
conditions similar to those used in the above example about 64
percent of the energy associated with a 15-centimeter wave was
dissipated by only 2.5 meters of natural, sloping marsh.

As the wave energy impacting the shore is reduced, there is increased
potential for sediment deposition and decreased potential for erosion.
Woodhouse, Seneca, and Broome (1974) measured sediment deposition resulting
from marsh plantings and reported the deposition of 15 to 30 centimeters of
sediment along three planted profiles at Snow's Cut, North Carolina, during a
30-month period.

The influence marshes have on waves depends primarily on the width of the
marsh ("I" in Dean's equation). The width to which a marsh can extend, under
optimal conditions, depends on the geographical area in which the marsh is
located and the tidal amplitude and slope of the shoreline. The density of
plants within a particular marsh depends on many variables including (1)
species, (2) geographical area, (3) elevation zone within the marsh, (4)
season, (5) substrate, (6) maturity of the marsh, (7) salinity, and (8) wave~climate.

b. Soil Reinforcement. Though it is empirically evident that plant root
systems improve soil stability, there is little experimental evidence on this
subject. Gray (1974) summarized findings concerning soil reinforcement with
vegetation. He noted that some independent studies have shown that plant
roots do significantly increase soil stability (Endo and Tsuruta, 1969;
Manbeian, 1973). In these studies the shear strength of vegetated soils was
as much as two and three times greater. In addition, the shear strength of
soils was higher when the volume fraction or weight density of the root system
was greater.

2. Coastal Salt Marshes of the United States.

A coastal marsh is an herbaceous (plants lacking woody stems) plant comu-
nity found on the part of the shoreline which is periodically flooded by salt
or brackish water. A number of species in the grass family (Poaceae), sedge
family (Cyperacea), and rush family (Junoaowa.) commonly form coastal marshes.

Coastal marshes occur naturally in the intertidal zone of moderate- to
low-energy shorelines along tidal rivers and in bays and estuaries. These
marshes may be narrow fringes along steep shorelines, but can extend over wide
areas in shallow, gently sloping bays and estuaries. Such lands were exten-
sive and widely distributed along the Atlantic, peninsular Florida, gulf, and
Pacific coasts of the United States before development by man (Fig. 1).

There are two major groups of coastal salt marshes In the United States,
based on physiographic differences-marshes of the Atlantic, peninsular
Florida, and gulf coasts (the eastern region) and those characteristic of the
northern and southern Pacific coasts (the western region). The eastern

15
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marshes usually form on a gently sloping coast with a broad continental shelf,
under conditions of a sea slowly rising relative to the land. Western marshes
are mostly formed in relatively narrow river mouths which drain almost
directly onto a steeply sloping continental shelf along a slowly emerging
coastline (Cooper, 1969). Consequently, the western estuaries and their
marshes are more limited in development than those of the east and tend to
mature more rapidly.

There are two types of coastal salt marshes: the regularly flooded low
marsh, which is considered to be the most valuable and usually the most
essential to erosion control, and the irregularly flooded high marsh.

a. Eastern Region Marshes. Vegetation of eastern region marshes is
remarkably uniform. The intertidal zone from New Eagland to Texas is dominat-
ed by a single species, smooth cordgrass (Spartina aZte'niflora) (Fig. 2).
Two grasses, satmeadow cordgrass (S. patens) and saltgrass (DistiehZie
epicata), usually dominate the zone immediately above high tide along these
coasts with two rushes on slightly higher sites--black-grass (Juncue gera'di)
north of the Virginia Capes and black needle rush (J. oeme ianus) southward.

Figure 2. Smooth cordgrass marsh (Virginia).

Eastern marshes divide into four general areas: north Atlantic, mid-
Atlantic, south Atlantic, and gulf. Typical north Atlantic marshes occur on
fibrous or silty peat because the shore is predominantly composed of hard
rock. The intertidal zone of pure stands of smooth cordgrass is usually
relatively narrow with a well-developed upper zone of saltmeadow cordgrass
aixed with saltgrass (Fig. 3). Saltmeadow cordgrass often occupies a larger
area than smooth cordgrass. Pure stands of black-grass in the higher parts of
the zone often form a fringe at the edges of the marsh.

17
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Figure 3. Upper zone of saltmeadow cordgrass (foreground) and
lower zone of smooth cordgrass (background) (Maine).

Marshes in the mid-Atlantic region undergo subtle changes from the north
Atlantic type on Long Island to the south Atlantic type at the Virginia Capes.
To the north there are relatively limited areas of smooth cordgrass with the
greatest area covered by saltmeadow cordgrass. Localized high salinity
patches are dominated by pickleweed (Salicor.nia spp.). Big cordgrass
(Spa'rtina cyn ouroidee) and several rushes (Scir'pus spp.) occur along creeks
and tidal stream mouths where the freshwater influence is greater. Black
needle rush increases in importance near the mouth of the Chesapeake Bay. The
tall form of smooth cordgrass appears along creek banks.

South of the Chesapeake Bay, the south Atlantic marshes typically form
behind barrier beaches and in estuaries where rivers deposit heavy silt
burdens. Smooth cordgrass occupies vast areas of mostly soft sediments between
mean sea level (MSL) and mean high water (MHW). Large areas of high marsh,
primarily black needle rush, occur where astronomical tides are restricted and
wind setup predominates, e.g., in Pamlico Sound, North Carolina. South of
Daytona Beach, Florida, (peninsular Fiorida), the typical south Atlantic
marshes are largely replaced by mangrove trees that form the tropical and
subtropical equivalent of salt marshes. Marshes of the south Atlantic type
occur on the gulf coast with the largest expanses on the Mississippi River
delta. Smooth cordgrass occupies the areas regularly flooded by saltwater
with a brackish marsh of saltmeadow cordgrass, big cordgrass, saltgrass, and
black needle rush covering vast areas. Gulf cordgrass (Spartina epatimne)
replaces saltmeadow cordgrass above MHW on fine-textured soils along the
coasts of Texas and southwestern ouisiana. Hypersaline conditions in the
aguna Madre (Corpus Christi to Brownsville, Texas), due to limited rainfall

and high temperatures, largely exclude coastal marshes from the south Texas
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coast. Black mangroves (Avio.mirna gewvmnane) occasionally appear southward of
Galveston and on offshore islands farther north.

b. Western Region Marshes. Marsh vegetation in the western region is
less uniform than in the east. The Vast majority of western marshes are found
in scattered bays and lagoons and in the mouths of some tributaries. The
coastal marshes of the southern Pacific are very distinct from those in the
northern Pacific. Along the southern Pacific, seasonally high levels of
salinity in coastal estuaries greatly limit the diversity of intertidal
vegetation. In parts of the larger bays such as the San Francisco Bay,

salinity concentrations reach or exceed sea strength during the dry sumer
months when evaporation exceeds rainfall runoff and tidal exchange. Smaller
tributaries periodically run dry allowing seawater to intrude upstream. Under
these conditions Pacific cordgrass (Spa'tinz fotiosa), the western region
equivalent of smooth cordgrass, is the dominant flowering plant of the regu-
larly flooded part of the intertidal zone (Fig. 4). Only in the reaches of
tributaries where freshwater is a consistent influence is cordgrass displaced
by other species such as Alkali bulrush (Sciwpue 'obustus). Broad reaches of
the irregularly flooded high marsh are dominated by pickleeed, a plant widely
distributed but of little importance on the east coast. The stresses of
salinity in the high marsh are even more severe than in regularly flooded
marshes. The pickleweed's ability to tolerate salinity concentrations of more
than twice sea strength provides this species with a formidable advantage over
most other species. Saltgrass is common but seldom a dominant high marsh
species.

Figure 4. Pacific cordgrass marsh (San Francisco, California).

Freshwater is a much greater influence on the marshes of the northern
Pacific. In some areas such as the Olympic Peninsula of Washington, annual
precipitation is more than 250 centimeters. The specific composition of these
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marshes is more diverse than that on other coasts of the United States and
elevation zones are less discrete. There is no single species such as Pacific
cordgrass colonizing and dominating the lowermost, regularly flooded zone of
this region. The regularly flooded low marshes are characterized by Lyngbye's
sedge (Carex Zygbyei), tufted hairgrass (Desoehmpaia &wepitoea), spike
rushes (Eteochar.i spp.), pickleweed, three-square bulrush (Soaipua
aifo.nioue), Baltic rush (Jumoue baZticus), and seaside arrowgrass

(TrigZochin m ritit) (Fig. 5). As in the southern Pacific, saltgrass is
comon in the high marsh but seldom dominant.

Figure 5. Lyngbye's sedge marsh (Oregon) (photo courtesy

of D.L. Higley and R.L. Holton).

3. Establishing Coastal Marshes for Shore Stabilization.

a. Invasion and Recovery in Natural Marshes. In established stands of
salt marsh, reproduction is principally vegetative; i.e., new plants arise
from the horizontal runners of parent plants. Within these marshes, new
growth is sheltered from wave activity by the surrounding vegetation. On
unvegetated shores, marsh plants may be established by seed or from fragments
of plant material dislodged from existing marshes. During establishment on
bare sediments, unsheltered plants are vulnerable to wave attack and mortality
is likely to be high. It is this vulnerability to wave attack during the ear-
ly stages of establishment that prevents the natural invasion of marsh plants
along much of the shoreline. Natural invasion only occurs in very sheltered
areas or in relatively exposed areas where plant introduction happens to
coincide with an extended period of low wave activity and an absence of severe
storms. Even in mature marshes stems are continually broken off by wave
action but new shoots arise to replace those lost. Stan density may be great-
ly reduced during storms while during periods of relative calm, the density
may increase considerably. However, severe storms may cause permanent damage
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to even mature marshes. Breaking waves may erode the vulnerable leading edge
of the marsh forming a scarp or bank. In addition, long-term sea level rise
and land subsidence may drown the seawardmost plants in the marsh, further
reducing the stability of this zone. Once a scarp is established it is
subject to continued erosion and the plants behind it can no longer spread
seaward. This is particularly critical in sediment-poor situations where
sediment accumulation cannot keep pace with subsidence and the marsh edges do
not recover and rebuild between storms. Most coastal marshes show evidence of
erosion because of these processes (Fig. 6). Once destroyed, the marsh will
not reestablish until the events which led to its origin (the presence of
plant fragments or seed and an absence of waves) are repeated.

~:V

Figure 6. Scarp or bank on seaward edge of an eroding
coastal marsh (San Francisco Bay, California).

b. Planting to Encourage Establishment. With the use of agricultural
techniques, plants can often be established on shorelines where natural
processes of invasion have failed to produce plant cover. Marshes established
in this manner may greatly improve the shore's stability and resistance to
erosion. This erosion control alternative has been used successfully for many
years in the United States. In the winter of 1928, a property owner on the
eastern shore of Chesapeake Bay planted smooth cordgrass along more than I
kilometer of shoreline in an attempt to reduce erosion. This shoreline has
remained stable for more than 50 years and is the oldest reported example of
shore stabilization with salt marsh vegetation in the United States (Knutson,
et al., 1981) (Fig. 7). Similarly in 1946, a landowner on the Rappahannock
River in Virginia graded an eroding shoreline and planted several varieties of
salt-tolerant plants. This planting has prevented erosion for more than 30
years (Phillips and Eastman, 1959; Sharp and Vaden, 1970; Sharp, Belcher, and
Oyler, 1981).
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Figure 7. Oldest reported salt marsh planting in the
United States (Virginia).

Most shoreline plantings do not have the longevity of these two examples.
Planted marshes proceed through a cycle which includes periods of establish-
ment, stability, and erosion, just as natural marshes do. The length of time
required for a planting to complete this cycle is its "functional life" (the
period over which it has functioned to reduce erosion). The life of a plant-
ing is influenced by the severity of wave conditions which impinge upon the
shore. Areas subject to more severe wave conditions require longer to estab-
lish and have a shorter functional life. For example, Woodhouse, Seneca, and
Broome (1974) discuss a shoreline planting at Cedar Island, North Carolina.
This shoreline is subject to waves generated over a fetch of more than 20
kilometers. Because of these conditions, it would be anticipated that the
period of establishment for a planting would be relatively long and the period
of stability would be relatively short. The shore was planted in the spring
of 1973. After one growing season (Fig. 8) the plant cover was incomplete and
ineffective. However, by the end of the second growing season (Fig. 9), the
shoreline was well vegetated and stable. By 1980 (Fig. 10), much of the
planting had eroded away and the shoreline had returned to its preplanting
condition. Therefore, the functional life of the planting at the site was
about 6 to 8 years. Because erosion control plantings are wade in difficult
environments where nature has failed to establish plant cover, the functional
life of plantings may be shorter than the life of typical natural marsh. How-
ever, this fact should not discourage the use of this alternative. Many cost-
ly shore protection structures function successfully for only 5 to 10 years.

c. Research on Planting to Control Erosion. In the late 1960's a major
research program was initiated on stabilizing dredged material with marsh
vegetation by scientists from North Carolina State University at Raleigh
(Woodhouse, Seneca, and Broom, 1972, 1974). These studies on establishing
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Figure 8. Establishment period for Cedar Island, North

Carolina (10 months after planting).

1n

Figure 9. Stability period for Cedar Island, North Carolina
(17 months after planting).
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Figure 10. Erosion period for Cedar Island, North Carolina
(8 years after planting).

salt marsh plants on bare substrates pcovided valuable experience which was
f applied later to the subject of shore erosion control with vegetation

(Woodhouse, Seneca, and Broome, 1976).

Researchers in other coastal regions have found that shoreline stabiliza-
tion with plants can be successful--Garbisch, Woller, and McCallum (1975) in
Chesapeake Bay; Webb and Ibdd (1978) in Galveston Bay, Texas; Newcombe, et al.I (1979) in San Francisco Bay, California. Based on these studies, design
criteria for vegetation stabilization projects were developed (Knutson 1976,
1977a.). The U.S. Army Engineer Waterways Experiment Station (1978) conducted
a nationwide study program on salt marsh establishment on dredged material in
the uid-1970's resulting in design criteria for this use of vegetation.

Hall and ludwig (1975) evaluated the potential use of marsh plants for
erosion control in the Great Lakes. They concluded that there were few areas
suitable for this method of shore protection because there are few sheltered
shorelines. Marsh plantings are also subject to winter icing conditions and
fluctuating lake levels in this region. However, vegetation can be used to
stabilize upland areas. The roots of terrestrial plants add stability to the
soil, retard seepage, and reduce surface runoff (Great lakes Basin ommission,
1978; Gray, 1974, 1975; Dai, Hill, and Smith, 1977). Information on surface
erosion and various techniques for its control (dewatering, slope grading, and
planting ground cover species) are available from the Soil Conservation
Service or County Agriculture Extension Agents.

In Alaska, a relatively short growing season, broad tidal ranges, high
energy conditions, and icing prevent the use of malt marsh vegetation for
erosion control. This alternative has not been used in the limited bays and
estuaries of Hawaii.
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III. EVALUATING SITE SUITABILITY

1. Factors Influencing Planting Success.

A number of factors are known to influence planting success. The follow-
Ing is a state-of-the-art discussion of these factors.

a. soils.

(1) Tye A few salt marsh species are confined to certain soil
types or conditions. Gulf cordgrass, for example, occurs almost exclusively
on soils high in clay or underlain by clay at shallow depths. However, most
other salt marsh plants exchibit a wide tolerance of substrates. They may be
found growing on mineral soils ranging from coarse sands to heavy clays and on
peats and mucks of widely varying nutrient content and degree of decomposi-
tion. This does not mean that soils are unimportant to marsh establishment
and growth. Soil characteristics affect marsh planting in at least three
respects-substrate stability, nutrient supply, and ease of planting.

Even under the most favorable conditions, transplants require several
weeks to anchor themselves and still more time to develop an appreciable
protective effect. Substrate is important to this process. Consequently,
planting in loose sands is a poor risk if the site Is likely to be subjected
to high wave activity during the establishment period. Even when net erosion
may be minimal, substrate movement or wave action may dislodge the transplants
before they can become fully anchored. The threat of substrate movement is
less critical in cohesive soils which tend to be more stable.

A limited nutrient supply is much more common to plantings on eroding
shorelines than to plantings in sheltered areas or on dredged materials.
Also, unlike other plantings, nutrient deficiencies on eroding shorelines are
not necessarily confined to the more sandy materials. Soil materials exposed
by erosion will usually be representative of subsoils of the adjacent uplands.
These are often the highly weathered soils which are low in nutrients. Some
of the most acute deficiencies, particularly of phosphorus, may occur on com-
pact, cohesive soils (Broome, Seneca, and Woodhouse, in preparation, 1983).
Further, the mechanics of correcting nutrient deficiencies become more compli-
cated in compact soils. While the method of fertilizer placement i'- usually
not critical on sands, it may make the difference between success and failure
on clays or packed sandy loams (Broome, Seneca, and Woodhouse, in preparation,
1983).

Nutrient supply in organic soils is highly variable. Some peats are
extremely deficient and as a consequence are very difficult to sustain plant
growth; others are very well supplied with nutrients and are excellent mediums
for marsh growth. The nature and origin of the soils in a region will often
provide general guidance as to the probability of fertilizer needs. For
example, young soils formed from moderately weathered materials, such as occur
in the Mississippi Delta, are suich less likely to be deficient in nutrients
than the much older, highly weathered sediments that predominate along much of
the Atlantic coast.

Soil characteristics can be of vital Importance because of their influence
on the marsh planting process, particularly on eroding shorelines. It is

25



essential that the soil be taken into account early as it will of ten dictate
the planting method and thus have a major effect on costs. Loose, sandy soils
are usually easy to plant; planting holes are readily opened by band withI
shovels, spades, or dibbles and are easily closed and firmed after
transplanting. Tractor-drawn planters work well on these soils and have a
relatively low power requirement.

More compact, cohesive soils provide a more stable substrate for marsh
planting than the loose sands, but the planting process itself may be more
difficult. Cohesive or very compact sandy soils are usually stiff and resist
the opening of holes or furrows and the proper closing and firming after
planting. Planting openings in some fibrous peats are especially difficult to
close satisfactorily. The power requirements of tractor-drawn planters on
some compact soils are high enough to make this method impractical. Also, the
opening of planting holes by hand on such soils will be very laborous and may
become cost prohibitive. The power-driven auger is about the only practical
solution for this problem on the more difficult soils. The importance of
careful consideration of soil characteristics early in the planning process
can scarcely be overemphasized.

(2) Salinity. Salinity is the one common factor that affects all
salt marsh plants. These plants must have some salt tolerance, a prime
requirement in this habitat. Some of the more tolerant species have the
capacity to excrete salt through special structures (salt glands) in their
leaves. A number of them possess another mechanism in their roots for
screening toxic ions and slowing their inward penetration (Waisel, 1972).
Plants of the regularly flooded, low marshes, such as smooth cordgrass,
Pacific cordgrass, and the mangroves, are well equipped to live and grow in
salinities up to 35 parts per thousand (sea strength). However, these plants
are usually quicker to establish and more productive in salinities below sea
strength. Seeds and young seedlings are usually more sensitive to salt
concentration than are established plants.

Relatively little work has been done on salinity regimes of marsh soils
and their effect on plants under field conditions. Soil salinity is not easy
to investigate because of the high variability, in time and space, of salt
concentrations. The concentration of salt required to eliminate a particular
species from a site need not occur of ten or persist for more than a few hours
or days. Consequently, these events may elude fairly intensive sampling.

Toxic concentrations usually do not develop in sandy marsh soils within
the regularly flooded zone. The salinity in such soils tends to remain close
to that of the surrounding water. However, this may not always be true of
fine-textured soils in which salt may accumulate through ion exclusion by
roots (Smart and Barko, 1978). Salt accumulation in the fine-textured marsh

s oils Is probably held to a minimum by the drainage normally provided by root
channels and animal burrows.

Salt damage ay occur on newly planted areas due to concentration through
evaporation in the zone between neap, tide high water and spring tide high
w&ter during periods of low rainfall and warm temperatures following spring
tides. This also occurs in sounds and bays subject to a wind setup with the
wind pattern resulting in extended periods of low water during hot weather, as
in Core Sound, North Carolina. Under these conditions, soil-water salinities
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of 50 to 75 parts per thousand may develop and persist until diluted by
rainfall or tidal inundation (Woodhouse, Seneca, and Broome, 1974).

Irregularly flooded high marshes are subject to occasional salt buildup
through evaporation and ion exclusion regardless of soil texture. However,
this is usually limited to poorly drained areas that are flooded by storm
surges. In humid climates precipitation, plus freshwater seepage frc.a higher
ground, tends to keep salinities in most high marshes well below sea strength.
Under more arid conditions, salt concentrations often exclude marsh species
altogether.

In general, suitable plants which can be established in salinities up to
about sea strength may be found in all coastal areas. Vegetative stabili-
zation in bays and estuaries, where salinities seasonally exceed sea strength,
is not likely to succeed. If salinity is a suspected problem, the presence,
abundance, and vitality of native intertidal plants in sheltered areas near
the proposed project will be an indicator of probable success.

(3) Oxygen-Aeration. From a practical marsh-building point of view,
the scarcity of oxygen in marsh soils appears to be unimportant. There is no
evidence that it prevents the establishment of marsh plants on sites that are
otherwise suitable. Marsh soils are, by nature, chronically or periodically
flooded and are, therefore, usually poorly to very poorly aerated. The
severity and duration of this varies with such factors as topographic posi-
tion, soil texture, and water regime, as well as the biological activity in
the soil. Oxygen is supplied to these soils by water and the oxygen-bearing
plants growing on them. Parts of intertidal marsh soils may be drained and
aerated at each ebbtide if the internal drainage allows appreciable emptying
of pores during these brief intervals of exposure. Similarly, parts of high
marsh soils become aerated during periods of dry weather and low water tables.

Most sediments, such as freshly deposited dredged materials, will be
highly anaerobic or low in oxygen. However, this does not prevent the estab-
lishment of adapted marsh species. These plants have various adaptations to
an anaerobic environment. For example, certain intertidal species have

anatomical features that enable their leaves to supply oxygen to their roots

(Teal and Kanwisher, 1966; Anderson, 1974; Kasapligil, 1976). Smooth cord-
grass and probably many other grasses utilize ammonia, which is the usual form
of nitrogen under anaerobic conditions, more efficiently than the nitrate form
usually preferred by upland species (Gosselink, 1970; Woodhouse, Seneca, and
Broome, 1976; Mendelssohn, 1979).

I % Some intertidal species contribute to the aeration of soils by releasing
oxygen from their roots. This has been demonstrated for Pacific cordgrass
under controlled conditions and in the field (Pride and Lingle, 1976; Wong,
1976), and has been frequently observed in the form of oxidized (yellowish or
brown) zones around the roots and rhizomes of smooth cordgrass. Oxygen
supplied in this way promotes the activity of other organisms and eventually
contributes to Improved internal drainage and increased aeration. Anaerobic
conditions affect the growth of marsh plants by favoring the maintenance of
nitrogen in the amonia form and promoting the availability of such elements
as iron and manganese by maintaining them in a reduced form.* There probably
are detrimental effects but little is known about them. Iron toxicity may
occur because of the excessive availability of this element under highly
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anaerobic conditions. Similar effects may occur with other elements or
compounds but these are not known to limit marsh creation.

b. Exposure to Direct Sunlight. Tidal submergence greatly reduces the
amount of light which can reach intertidal plants. Therefore, marsh plants
rely heavily upon uninterrupted light exposure for photosynthetic activity
during low water periods. Typically, the grasses, sedges, and rushes which
form the intertidal marsh community are exposed to direct sunlight, because
this zone lacks an overstory of either shrubs or trees.

In general, woody vegetation is not found within the intertidal zone of
the coastal United States. The major exception to this is the occurrence of
red mangroves (Rhizophov'a mnn q) in southern Florida. On the Atlantic and
gulf coasts, marsh-elder (Iva fv'utescens) grows on the outer margin of salt
marshes. This plant grows closer to the marsh than any other woody species
and is appropriately referred to as the "high tide bush." On the Pacific
coast, frankenia (Fvrankenia grandifotia) is the first shrubby species
encountered at the edge of the marshes. These and other shrubs form. the
transition between the marsh and the maritime forest.

Erosion patterns may alter the normal zonation of plant communities on the
shore. Progressive erosion may have obliterated the marsh and shrub transi-
tion zones leaving a mature forest overhanging an exposed bank. Such a
condition will preclude the establishment of emergent vegetation for erosion
control because of its impact on the availability of light. In peninsular
Florida, the introduced Australian Pine (Casuaritna equisetifotia) often
induces erosion along steep shorelines by shading out the native intertidal
plants. If the area meets other criteria for erosion control with vegetation,
however, the area can be planted if the overstory is completely cleared above
the planting area and to a distance of at least 3 to 5 meters landward (Fig.
11). Continued control of overstoring species will be an essential part of

the maintenance of such sites.

c. Shore Width Available for Planting. The width of the beach at an
elevation suitable for plant establishment will determine the relative
effectiveness of the erosion control planting. Waves are dampened as they
pass through stands of marsh vegetation. The amount of dampening that occurs
is directly related to the width of the marsh. From a survey of erosion
control plantings, Knutson, et al. (1981) concluded that a practical minimum
planting width is about 6.0 meters. If the potential planting area is not
sufficiently wide, the shore must be graded to extend the planting area.
Grading must be done far enough in advance of planting to allow for a consoli-
dation of the disturbed soil to take place. Otherwise, transplants may be
dislodged by the first minor storm before sufficient anchoring roots develop.

Though there is some variation in the elevation (tidal) zones in which
marsh plants can be established, there are regional trends which are useful as
a general guide. On the Atlantic and gulf coasts marsh plants Can be found
throughout much of the intertidal zone where the tidal amplitude is less than
about 2.0 meters. Where the tidal amplitude exceeds 2.0 meters, the lower
limit of invasion is more restricted. In areas of the north Atlantic where
the tidal amplitude may reach or exceed 3.0 meters, plants are restricted to
the upper one-half or less of the tidal zone. On the southern Pacific coast
(Fig. 1) marsh plants seldom extend below the elevation of mean tide even In
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areas with a tidal amplitude of less than 2.0 meters. In the northern Pacific
coast (Fig. 1) most of the intertidal zone lacks marsh vegetation because of
the influence of large tidal ranges and the absence of suitable adapted
species. Marshes are rarely found below the elevation of mean lower high
water (MLHW) in this region.

Even when plants can be established throughout much of the intertidal
zones, as is the case on many of the Atlantic coast marshes, the potential
width (landward to seaward) of a particular planting depends on the tidal
amplitude and shore slope. Broader marshes can be established coincident with
greater tidal ranges and more gradual sloping shorelines.

d. Sediment Supply. Rapidly prograding salt marshes normally occur only
in the presence of an abundant sediment supply. However, healthy salt and
brackish marshes are found under a very wide range of sediment conditions.
Removal of some sediment from a marsh shoreline is usually inevitable during
storm periods. For such areas to remain stable this lost material must be
recaptured from time to time, e.g., at regular intervals, between storm
events, or seasonally as the result of wind-driven or tidal currents. Sedi-
ments may move in suspension or as bedload. There are no guidelines at
present for evaluating the sediment supply of prospective planting sites.

e. Summary.

(1) Soil Type. Salt marsh plants are tolerant to a wide variety of
* soil types. However, soil type often dictates the choice of planting and

fertilization procedures that will be necessary.

(a) Cohesive Sediments (Clays). Cohesive sediments provide a
stable planting surface and are low in nutrients if highly weathered and are
more difficult to plant than loose sandy substrates.

(b) Sandy Sediments. Sandy sediments may provide an unstable
planting surface if subject to high wave activity, are low in nutrients, and
are easy to plant if not compacted.tj

(2) Salinity. Suitable plants may be found which can be established
in salinities up to about sea strength (35 parts per thousand).

(3) Oxygen-Aeration. Most marsh species are adapted to anaerobic
conditions.

(4) Exposure to Drect Sunlight. The overstory of woody vegetation,
if present, should be cleared above the planting area and to a distance of 3
to 5 meters landward.

(5) Shore Width Available for Planting. A practical min1mum planting
width for erosion control planting is about 6.0 meters.

(6) Sediment Supply. The sediment supply is beneficial to marsh
stability but difficult to quantify.
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2. Evaluation Wave Climate Severity.

It is a complex task to describe wave environments in which vegetative
stabilization will be effective. The only method available for determining
the growth of wind-generated waves in relatively shallow water is empirical
(U.S. Army, Corps of Engineers, Coastal Engineering Research Center, 1977).
There are many physical and biological variables which must be acknowledged
when comparing wave climate to plant survival. The tidal elevation coincident
with a particular set of waves, as well as shore geometry and sediment grain
size, will greatly influence the stress placed on plantings. Also, the
ability of a planted area to withstand wave stress will depend on its growth
stage, density, vigor, and overall width.

Little definitive information is available concerning wave climates in
which vegetation is likely to be an effective stabilizer. It is generally
held that vegetation will successfully control erosion only in areas which are

exposed to low and moderate wave stresses. However, this generalization does

not allow a thorough engineering consideration of this alternative on a
project-by-project basis.

In order to establish a criteria for assessing wave climate on an indi-

vidual project basis, Knutson, et al. (1981) conducted a survey of 86 marsh
planting sites in 12 coastal states. The shoreline characteristics of fetch,

shore configuration, and sediment grain size ware found to be the most useful
indicators of wave climate severity and the likelihood of planting success.
Though these parameters are proven indicators of planting potential, other
characteristics such as local winds, boat traffic, offshore depth, and tidal
currents should also be considered during site evaluation. The following
sections describe the principal shore characteristics that influence the
growth and decay of waves and the impact waves have on erosion control
plantings.

a. Fetch. For the coastal engineer, fetch (the horizontal distance the
wind blows over water to generate waves) is an important parameter in estimat-

ing wave height. The height of a wave formed by a constant wind blowing over
water of a constant depth is directly related to fetch length (U.S. Army,
Corps of Engineers, Coastal Engineering Research Center, 1977). This rela-
tionship is not linear. For example, a constant wind blowing 50 kilometers
per hour (13.9 meters per second) over a constant water depth of 6 meters will
generate a 15-centimeter wave over a fetch of about 150 meters, and a 30-

centimeter wave over 750 meters, a 45-centimeter wave over 2125 meters, and a

60-centimeter wave over 4575 meters. As fetch length increases, it has
Incrementally less influence on wave height.

Knutson, et al. (1981) found that fetch length was inversely related to
successful erosion control (Figs. 12 and 13). Eighty-nine percent of plant-
ings exposed to a longest fetch of less than 2.0 kilometers ware either sue-
easeful or partially successful (no erosion landward but evidence of erosion
on the seaward edge of planting). Conversely, 83 percent (five out of six) of
the sites with a fetch of more than 18.0 kilometers ware failures.

b. Shore Configuration. Shore configuration (the shape of the shoreline)
can influence wave attack on the shoreline. Sites located in narrow coves may
be effectively sheltered from waves approaching at oblique angles and will be
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subjected to large waves only when winds blow directly onshore. conversely,
sites located on headlands are exposed to waves from many directions. Figure
14 Illustrates the relationship observed between shore configuration and
successful erosion control (Knutson, et al., 1981). Eighty-five percent of
plantings in coves were either successful or partially successful.

c. Sediment Grain Size. In general, low-energy beaches tend to have
finer grained sediments and a more steeply sloping foreshore. High-energy
beaches tend to have coarser sediments and more gradual sloping foreshores
(Wiegel, 1965). Slope and grain size are, therefore, potential indicators of
wave climate. Knutson, et al. (1981) found the grain size of the swash zone
(the zone of wave uprush) sediments to be an indicator of site planting
potential (Fig. 15). Eighty-four percent of the planted sites with mean
grain-size values of less than 0.4 millimeter were successful or partially
successful. Conversely, 82 percent of sites above 0.8 millimeter were
failures. Measurements of shore slope have not been found to be reliable
indicators of planting success.

d. Winds. Winds moving over water transfer energy to the water surface
in the direction of the wind.* Each geographical region has a characteristic
wind climate. local wind roses are useful in determining the direction from
which predominant winds and the most severe storm winds occur. Although wind
roses in close proximity to a project area are not always possible to obtain,
knowledge of the direction of predominant winds and storm winds can be help-
ful. No general methods of interpreting these data to forecast planting
success have yet been developed.

e. Ship-Generated Waves. Shore areas in close proximity to ship traffic
will be subject to ship-generated waves. The height of waves produced by a
given vessel depends primarily on the speed of the ship and, to a lesser
extent, on the hull form, draft, and water depth below the keel (Sorensen,*1 1973). The wave climate produced by vessels at a particular shore site will
depend on the magnitude of the ship-generated waves, traffic frequency, and
the distance between the shore and the vessels (Table 1).

Of particular importance in Table I is the fact that relatively small
vessels, such as the cabin cruiser, can produce waves comparable to those of
larger craft, such as the fire boat, if the two are proceeding at similar
speeds. Table 1 also illustrates that maximum wave height is significantly
less at a 150-meter distance f rom the sailing line than it is at a 30-meter
distance. Overall, wave height was reduced from 25 to 50 percent at the 150-
meter distance. Though local boating patterns should be considered in deter-
mining site suitability, there are no guidelines for using this information to
forecast planting success.

f. Offshore Deth. Offshore depths have a substantial effect on the
height oTwaves thta particular storm will generate. Theoretically, a
constant 13.9-meter-per-second wind blowing over water with a constant depth
of 1.5 meters for a distance of 16 kilometers will generate waves loe than
0.5 meter In height (U.S. Army, Corps of Engineers, Coastal 1hgineering
Research Center, in preparation, 1983). The same conditions for a constant
depth of 12 meters will produce waves 0.8 meter high. Therefore, shore areas

with shallow offshore depths will be more easily stabilized.
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Table 1. Waves heights produced by three vessels
(after Sorensen, 1967).1

Distance from sailing line
30 m 150ma

Vessel type Displacement Speed Max. wave Max. wave
height height

(kn) (ton) (Wi) (in) (in)

Cabin cruiser 27 3. 0.2 0.1
3

5.1 0.4 0.2

Reconverted 310 3. 0.1
air-sea 35
rescue vessel 5.1 0.4 0.2

Fireboat 3050 3.1 0.1 0.1
(reconverted 343
tug) 5.1 0.5 0.3

IWater depth vas approximately 12 meters.

g. Tidal Currents. Planting failures for otherwise favorable sites often
result from the action of tidal currents. Marsh plantings as veil as estab-
lished marshes are particularly vulnerable to undermining by strong tidal
currents. The location and potential migration of tidal channels in the

j vicinity of prospective plantings should be considered.

h. Discussion. Planting will be successful along some shorelines wi~th
unfavorable characteristics just as plantings along some shorelines with
favorable characteristics will fail. Consequently, it is advisable to examine
prospective sites carefully for unusual features that may affect planting fea-I sibility. For example, some sites are subjected to elevated water levels
(wind setup) during most periods of strong onshore winds. It has been possi-
ble to establish bands of marsh within the intertidal zone, which Is below the
most violent wave action, on some of these shores. Here erosion may continue
for some time above and behind the planted marsh but the eroding sediments are
trapped by the marsh, thereby widening and strengthening it. An this contin-
ues wave attenuation will increase and the eroding zone will eventually becoe
either stabilized naturally or ready for planting. The presence of patches of
healthy mrswh on or near. the site is an indication that the site is pantab~e.

Achieving successful erosion control with vegetation often requires both
perseverance aid patience. First, severe storms during establishmnt may
cause temporary setbacks, even on highly promising sites, but these setbacks
should not discourage the planter. More formidable and expensive coastal
engineering structures are often damaged by the untimely occurrence of severe
stormas. In most cases storm damage in plantings can be repaired by replanting
the damaged areas.* Second, a planting will require 1 to 3 years to achieve
stability. A rapid establishment on difficult sites should not be expected.

i. Suimma . o single parameter or list of parameters can accurately
predict t uc~cess or failure of a planting. It is, rather, a question of
odds and probabilities. Under the best conditions the success of a planting
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will be influenced by factors such as (1) the care taken by the planter, (2)
the occurrence of severe storms, (3) the impact of foot and vehicular traffic,
and (4) the wildlife predation.

As noted earlier, fetch, shore configuration, and sediment grain size
appear to be useful indicators of wave climate severity and the potential of
planting success. The relationship between these parameters (Figs. 12 to 15)
and success in controlling erosion (successful or partially successful) have
been condensed into a single form, the Vegetative Stabilization Site
Evaluation Form (Fig. 16). This allows the user to estimate the potential
success rate of plantings made under conditions similar to the site being
evaluated. The user measures each shore characteristic (item 1) for the area
in question, identifies the descriptive categories (item 2) which best
describe the area, notes the success rate (item 3) associated with each
descriptive category, calculates a cumulative score (item 4), and interprets
the cumulative score by noting the corresponding success rate (item 5). The
major advantage of this system is that it is easy to use.

The reader is cautioned that the evaluation form is used only for evaluat-
ing wave climate. Other shore conditions and characteristics discussed
earlier in this section must also be coneidered in the total site evaluation
process.

IV. SELECTING PLANT SPECIES, PLANT MATERIALS, AND PLANTING TECHNIQUES

1. Selecting Plant Species.

a. Principal Species. In the planting of salt marsh for the protection
of eroding shorelines, the intertidal zone is critical. This is the region in
which erosion normally begins; continuing erosion of the lower slopes in this
region will undermine and weaken well-stabilized upper slopes. Consequently,
the primary emphasis will be on the planting and management of the few spe-
cially adapted species found useful for this purpose. Often the establishment
and maintenance of a healthy band of intertidal salt or brackish marsh along a
shore will eventually result in the natural growth of vegetation on the slope
behind it.

Four species of pioneer plants have demonstrated potential in stabilizing
the part of the intertidal zone which is in direct contact with waves. Smooth
cordgrass (Spa'tina alte.niflo a) is an effective erosion control plant along
the gulf and Atlantic coasts, Pacific cordgrass (Spartina foliosa) is
effective on the southern Pacific coast from Humboldt Bay, south to Mexico,
and Lyngbye's sedge (Carex lyngbyei) and tufted hairgrass (Deachampaia
caespitoea) are effective for stabilization in the northern Pacific coast from
Humboldt Bay to Puget Sound. Detailed planting specifications for these
principal species are given in Section VI.

b. Other Useful Species. There are cases in which the planting of an
entire slope is advisable to control erosion caused by storm surges, surface
runoff, and wind, or is desirable for esthetic or other reasons. Planting can
restore vegetation on the slope immedlately above the high tide line when
damage has occurred during site preparation. Planting will be required in
some instances as protection against runoff from adjacent uplands. Several
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1. SHORE 2. DESCR!PTIVE CATEGORIES 3.
WEIGHTEDCHARACTERISTICS (SCORE WEIGHTED BY PERCENT SUCCESSFUL) SCORE

a. FETCH-AVERAGE LESS I.I 3.1 GREATER ,,.

AVERAGE DISTANCE , THAN (0.7) (1.9) THAN
,ILO-ErES IILIES) o,. to to
OPER ,ER MEASURED 3.0 9.0 9.0

PEllEOICULA, TO 'w (0.6) (I.9) (5.61 (5.6)

s AeND irnO 49 EITHER

SIDE Of PERPENDICULAR (87) (66) (44) (37)

b. FETCH-LONGEST LESS 2.1 6.1 GREATER
THAN (,3) (3.91 THAN

LONG.EST DISTANCE IFN.tot
KILOMETERS I MILES OF to to

o0E, .,TER MEASURE 2.0 6.0 18.0 1 8.0
P(::IERP OICUL:AR TO THE(317 1 1.21 0 1.1)
SHORE 0R 45- EITHER X________

SIOE Of PERPENDICULAR (89) (67) (41) (17)

c.SOEIEMEANDER ;, :/:

E S OR ETRY .. COVE OR HEADLAND

GEOMETRY -STRA-GHT

GENERAL SMAP( OF THE SHORELINEI mfl
AT THE POINT OF INTEREST SO /r

PLUS 200 METERS (66O FTI

OR EITHER SIDE (85) (62) (50)

d. SEDIMENT' less than 0.4 0.4-0.8 greater than

GRAIN SIZE Of SE0111IETS

IN SWASH LZOE 1.. (84) (41) (18)

4. CUMULATIVE SCORE

5. SCORE INTERPRETATION
a. CUMULATIVE 122-200 201-300 300-345

SCORE 122_--__00 __ 01_-__00 __00_-__45
b.POTENTIAL ____

SUCCESS RATE 0 to 30% 30 to 80% 80 to 100%

1Grain-size scale for the Unified Soils Classification (Casagrande,
1948; U.S. Army Engineer Waterways Experiment Station, 1953):

Clay, silt, and find sand - 0.0024 to 0.42 millimeter
Medium sand - 0.42 to 2.0 millimeters
Coarse sand - 2.0 to 4.76 millimeters.

Figure 16. Vegetative Stabilization Site Evaluation Form.
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potentially useful species that may be used to supplement erosion control
plantings are listed below:

(1) Black needle rush (Juncus voerne7'anus).

(2) Common reed (Phragmites communis).

(3) Cordgrasses: Big cordgrass (Spartina cynoauoides); gulf
cordgrass (Spartina spartinae); saltmeadow cordgrass (Spa'tina
patens).

(4) Mangroves: Red (Rhizophora mangle); black (Avicennia

gewminans); white (LaguncuZa'ia racemosa).

(5) Saltgrass (Distichis spicata).

(6) Seaside arrowgrass (Tr.iqZochin mritima).

(7) Siltgrass (PasoaZum vaginatum).

The need to plant these species should be evaluated for each individual
site. Planting specifications and guidelines for the use of these other
useful species are given in Section VI.

2. Selecting Plant Materials.

Choosing the type of planting materials and determining a source of
suitable planting stock should be done early in the planning process. The
cost of planting stock usually represents a substantial part of the total
expense and this cost can vary over a ride range. Locating a suitable source
of plants may be the most difficult problem to be solved. The practice of
salt marsh planting is still in the embryonic stage in this country. Both the
development and the demonstration of planting techniques are very recent.
Although a substantial number of successful field-scale plantings have been
made, this has not yet become a standard practice. Therefore, the demand for
planting stock is still small, erratic, and unpredictable. Consequently, such
materials are not generally available commercially; there aLe a few :urseries
that produce plant materials on order.

Marsh plants are propagated either by seeds or by some type of vegetative
transplant. Since direct seeding is effective only under fairly sheltered
conditions the planting of eroding shorelines must be confined to the
following vegetative transplants: (a) sprigs, wh"ch are bare root plants dug
from field nurseries or from the wild (Fig. 17); (b) pot-grown seedlings; or
(c) plugs, which are root-soil masses containing several intact plants dug
from the wild. There is no one best type of planting stock. The quality of
the material is often the key to success. High-quality material in any form
can be very successful. High quality in this context means young, vigorous,
actively growing vegetation that is large enough to carry appreciable stored
food reserves. Early initiation of new growth is essential if transplants are
to establish under the rigorous conditions existing on most eroding shore-
lines. This new growth cannot be expected of old or stunted plants, regard-
less of transplant form. Choice of plant material type may in a few cases be
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Figure 17. Typical smooth cordgrass transplant or "sprig"
from the wild or from an intertidal nursery.
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affected by species and this aspect will be discussed later in connection with
planting specifications for individual plants.

The three types of planting stock (sprigs, pot-grown seedlings, and plugs)
vary in availability, cost, and ease of planting:

(a) Sprigs are the least expensive of the three types and easier
to handle, transport, and plant. They must be obtained either from
field nurseries (planted a year or more in advance) or from young
developing natural stands, or from along the edges of stable or
expanding marshes. Sprigs can only be dug satisfactorily from sandy
substrates.

(b) Pot-grown seedlings are more expensive to grow and plant,
more awkward to handle and transport, but relatively easy to produce.
Seedlings of most species can be grown to transplanting size in 3 to
5 months and this can be done almost anywhere with very simple, inex-
pensive facilities and equipment. However, their cost is usually at
least two to five times that of sprigs. Seedlings become increasing-
ly expensive to carry over when transplanting is delayed. Repotting
in larger containers soon becomes essential. The coordination of
plant production and site preparation is a frequent stumbling block
in the use of seedlings.

(c) Plugs are the most expensive planting type; the cost is
usually about twice the cost of pot-grown seedlings. Plugs are
laborious to dig, heavy, difficult to transport, and harder to
plant. Satisfactory plugs can only be dug from marshes growing on
cohesive substrates. Plugs from old crowded stands are likely to be
too slow in initiating new growth. However, plugs are often more
resistant to uprooting during the establishment period and are
sometimes the only planting stock available on short notice.

3. Selecting Planting Techniques.

The essentials in successfully transplanting salt marsh plants include
opening a hole or furrow deep enough to accoimmodate the plant to the required
depth, keeping the hole open until the plant can be properly inserted to the
full depth, closing the opening, and firming the soil around the plant. This
operation should be done during low water, as it is virtually impossible to do
a satisfactory job of transplanting while the surface is flooded. Openings
can close too rapidly and plants tend to float out. There are a number of
tools and procedures that work well in substrate that is not flooded.

Hand planting can be very satisfactory if adequate attention is given to
details, particularly planting depth and soil firming after planting (Fig.
18); it is usually the most practical method for small-scale plantings.
Opening of planting holes is readily done with dibbles, spades, and shovels in
loose, sandy soils. Portable power-driven augers work well In the more
difficult cohesive or compact soils. Normally planting crews work in pairs,
one worker opening holes and the other inserting the plant and closing the
hole. A third worker is used if fertilizer is added in the planting hole; the
third worker drops in a measured amount of material just after the hole is
opened and before the plant is inserted.
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Figure 18. Planting by hand.

Machine planting, where feasible, can do a much more uniform job and is
far more economical than hand planting in large-scale planting (Fig 19).
Tractor-drawn planters designed to transplant crop plants such as cabbage,
tomatoes, and tobacco are available in most regions. Although some may
require an alteration of the raw opener for certain soils, they can often be
used without alteration. The principal barriers to machine planting are
usually inadequate traction on compact substrates, insufficient bearing
capacity on soft sites, or the presence of tree roots or stones that interfere
with the functioning of the row opener.

Planting depth is not critical on sheltered sites. Hkst species will
develop satisfactorily when planted 2 to 5 centimeters deeper than their depth
when originally dug or removed from pots. However, in planting exposed
shores, it is often highly desirable to anticipate erosion or accretion trends
that are likely to prevail during the first month or two after planting.
Where erosion is expected, plants should be set even deeper than the 2- to 5-
centimeter depth. Where deposition is likely they should be set very close to
their original depth when dug or removed from pots. Woody vegetation such as
mangroves should not be set much lowe: than their growing depth.

4. Summary.

a. Principal Erosion Control Species:

(1) Atlantic and gulf coasts - smooth cordgrass (Sparti i
alterifora).

(2) Southern Pacific coast - Pacific cordgrass (Spatina
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Figure 19. Mechanical planting with disk-type tobacco planter.

(3) Northern Pacific coast - Lyngbye's sedge (Carex lyngbyei) and
tufted hairgrass (Deschampsia caespitoea).

b. Plant Materials:

(1) Sprigs - least expensive to obtain and easier to handle,
transport, and plant.

(2) Pot-grown seedlings - more expensive to grow and plant, more

awkward to handle and transport, but relatively easy to produce.

(3) Plugs - most expensive to obtain, difficult to transport and
plant; only used when other sources are not available.

c. Planting Methods:

(1) Hand planting (dibbles, spades, and shovels) - suitable for

all plant materials.

(2) Power-driven auger - useful for difficult soils and for pot-
grown seedlings and plugs.

(3) Machine planting (cabbage, tomato, and tobacco planters) -
very efficient for large-scale plantings of sprigs; most can be
equipped to handle seedlings.

V. FERTILIZATION REQUIREMENTS

The possible use of fertilizers warrants careful consideration in the

planning of any marsh establishment project. Its use may be essential to
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success and may affect the planting procedure. The goal of marah'planting on
eroding shores Is to speed up the establishment process under conditions which
have discouraged or prohibited natural invasion. An ample supply of nutrients
is one key element in assuring the accelerated rate of growth that is usually
required. Fertilization is primarily an establishment tool and is usually
necessary for nutrient-deficient soils along high-energy shores only.

Nutrient deficiencies are much more prevalent in the subsoil materials
exposed along eroding shorelines than in dredged materials or alluvial
deposits. For this reason, the use of fertilizers in erosion control
plantings should be considered to be prudent insurance unless it is clearly
determined to be unneeded. Observed response to the application of nutrients
on marsh plantings under brackish and saltwater conditions has been limited to
nitrogen and phosphorus. Benefits from the addition of potassium or micro-
nutrients have not been identified and appear unlikely. Soil tests used to
estimate available phosphorus in agricultural soils appear to be fairly
reliable in identifying the extremes in intertidal soils, i.e., the acutely
deficient soils and the soils well supplied with phosphorus. There are,
however, no practical testing procedures that can be relied upon to predict
available soil nitrogen. If information is lacking on similar soils nearby,
the only safe approach is to add nitrogen or, as a minimum, apply it to a part
of the planting and carefully observe the results.

1. Types of Fertilizer.

The lack of reported information on the response of salt marsh plants to
fertilization in some cases is due to the use of unsuitable forms of nitrogen.
Nitrate undergoes rapid denitrification under anaerobic conditions and may be
quickly lost (Patrick and Makapatra, 1968). Also, ammonia is utilized sore
efficiently than nitrate by smooth cordgrass, which is Just the reverse of
most upland plants (Gosselinck, 1970; Woodhouse, Seneca, and Broome, 1976;
Mendelssohn, 1979). This is probably true of other marsh species because
ammonia is the normal form of nitrogen existing under anaerobic conditions.
Ammonium sulfate is commercially available and is usually an economical source
of nitrogen for marsh use. Diammonium phosphate should be an equally good
source. The urea and ureaformaldehyde forms of nitrogen were found to be
ineffective in marsh fertilization in recent tests (Broome, Seneca, and
Woodhouse, in preparation, 1983).

The form of phosphorus used in marsh fertilization is not critical. The
solubility of most phosphorus compounds is enhanced by an anaerobic environ-
ment, Acute phosphorus deficiencies can usually be anticipated through soil
tests. Also, high phosphorus fixation is usually indicated by the presence of
a yellowish or reddish substrate rather than the dark colors of reduced soils.
Any of the standard soluble phosphatic fertilizers such as concentrated
superphosphate and diamonium phosphate are satisfactory and economical.

Some slow-release fertilizers can be useful in marsh planting. Brooms,
Seneca, and Woodhouse (in preparation, 1983) found ossocote and mgnesitm-
asmonium-phosphate (nag-amp) to be very effective on intertidal marsh, when
applied in the planting hole or furrow. Osmocote is a soluble fertilizer, 60
percent anonia and 40 percent nitrate, encapsulated with multiple polymeric,
semipermeable coatings. The slow-release characteristics of mag-amp are due
to its low solubility, which can be controlled through granule size. It is
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not advisable to apply these fertilizer materials on a soil surface that may
be subject to wave and tidal action. Considered convenient because they
require fewer applications, these materials may permit lover rates, partic-
ularly of nitrogen, and may have a larger carryover effect into the succeeding
growing season. Although slow-release fertilizers are much more expensive
than conventional fertilizers, in some cases they produce better results than
less costly soluble sources (Broome, Seneca, and Woodhouse, in preparation,
1983).

2. Placement of Fertilizer.

Broome, Seneca, and Woodhouse (in preparation, 1983) found surface appli-
cation (topdressing) to be ineffective, even of soluble materials on a compact
sandy, clay loam soil in the planting year. Evidently, the nutrients did not
penetrate rapidly enough and a root mass was not available soon enough to
absorb them. Surface application on cohesive sediments is also likely to be
ineffective during the first year. The most effective placement of fertilizer
in the year of establishment on all soils is probably in the planting hole or
furrow. This allows the nutrients to be close to the developing root systems
and minimizes losses from surface runoff and erosion. However, the intimate
mingling of soluble fertilizers with the plant roots may pose a danger of salt
damage in compact or cohesive sediments, even though these plants possess a
high tolerance to salt. To avoid this problem soluble materials should be
broadcast and disked in prior to planting, spread in the planting furrow,
placed in a second hole beside the planting hole, or placed in the bottom of
the planting hole and covered with soil before the plant is inserted. Salt
damage can be a problem, even in the absence of fertilizer, on marsh plants1 growing on sites subject to extended periods of low water caused by wind
setdcwn or reduced streamflow (Woodhouse, 1979). Placement in the planting
hole should be limited to slow-release materials in these situations and In
planting high marsh species.

Surface application of soluble fertilizer materials is effective on loose
sandy soils in the planting year (Woodhouse, Seneca, and Broome, 1976). How-
ever, application of fertilizers to the soil surface should be delayed for a
month or so after transplanting to allow transplants to develop new roots.
Such topdressing is done on the exposed surface during low tide. Surface
application of solible fertilizers is very effective on established marsh.
Broome, Seneca, and Woodhouse (in preparation, 1983) found that even where the
surface application of fertilizer at planting was ineffective, a topdressing
the following spring doubled aboveground biomass by the end of the growing
season. The extensive root systems, together with the dense aboveground
growth, combined to retain much of the fertilizer. Fertilizer that was not
initially absorbed would have soon been covered by accumulating sediments.

3. Fertilizer Rates.

The rate of application of fertilizers on marsh plantings for shoreline
erosion control should be high enough to insure that nutrient supply will not
be a limiting factor in the rapid establishment of transplants. The cost of
such fertilizer will be low in relation to the total cost of the planting and
even lower in relation to the cost of failure. For this reason, if fertiliz-
or@ are to be used, they should be applied at ample rates, but not excessively
or in wasteful mount@ of nutrients.



Response of marsh planting to rates of nitrogen is much more pronounced
than is phosphorus response. Growth of nitrogen-deficient stands of smooth

cordgrass in sandy substrates has been increased by nitrogen applications up
to 6 kilonewtons per hectare (600 pounds per acre) per year. Practical levels
of nitrogen for establishment are much less, probably in the range of I to 3
kilonewtons per hectare (100 to 300 pounds per acre). While there are no
reliable chemical tests for available nitrogen, the color of the grass itself
after establishment can be a useful indicator of nitrogen status. Dark green
leaves are usually well supplied with nitrogen. lighter shades of green
accompained by the yellowing of lower leaves during the period of active
growth usually indicate inadequate nitrogen; however, this should not be
confused with the normal yellowing or browning that develops as most marsh
grasses and sedges mature.

Phosphorus response is less common than nitrogen response and, where
needed, lower rates and less frequent application of this nutrient are usually
required. Broome, Seneca, and Woodhouse (in preparation, 1983) obtained maxi-
mum growth of smooth cordgrass with the application of about 1 kilonewton per
hectare of phosphate on a soil extremely deficient in this element. It is
doubtful that a greater amount than this in any I year would ever be
warranted.

If soluble materials (ammonium sulfate and concentrated superphosphate or

diammonium phosphate) are used, they should be applied at a rate of 1 kilo-
newton per hectare of nitrogen and 1 kilonewton of phosphate at time of plant-
Ing (3 to 4 weeks after planting if fertilizer is applied as a topdressing).
In conventional mixed fertilizers, such as 10-10-10, the number designations
represent the percentages (by weight) of nitrogen (N), phosphate (P 05) and
potash (K20), respectively, that are found in the mixture. Therefore, the
amount of 10-10-10 fertilizer per hectare needed to provide 1 kilonewton each
of nitrogen and phosphate would be 10 kilonewtons (1,000 pounds per acre or
about 2.3 pounds per 1,000 square feet). A topdressing of an additional I

kilonewton per hectare of soluble nitrogen, 6 to 8 weeks after planting, will
be helpful on deficient sites; a third application of 1 kilonewton 6 weeks
later will be advisable on acutely deficient sites. If conventional mixed
fertilizers are not used, phosphorous may be applied with the first applica-
tion of nitrogen or it may be combined with the split applications of
nitrogen.

Slow-release materials, if used in lieu of soluble fertilizer, should be

applied at a rate of I kilonewton per hectare of nitrogen at the time of
planting. Slow-release materials should always be placed in the planting hole
or furrow. For conventional slow-release mixtures (14-14-14 or 16-8-12),
about 0.15 newton (0.5 ounce) of fertilizer should be placed in each planting
hole or along each 0.5 meter of the planting furrow. When slow-release
materials are used, no additional applications are necessary during the first
growing season.

4. Maintenance Fertilizer.

The use of fertilizer to aid marsh establishment is usually confined to

the year of plan.ing. As soon as the new plants grow enough to begin signifi-
cant sediment accumulation, the need for fertilizer usually decreases sharply
or disappears. Thereafter, the native supply from substrate, accumulating
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sediment, and surrounding waters is usually adequate to maintain moderate
growth, at least, and this is often sufficient for stabilization purposes.
However, the application of fertilizer can be very helpful to marsh plants in
tolerating or overcoming stress where the nutrient supply is below optimum.
Garbish, Woller, and McCallum (1975) states that maintenance fertilization is,
at times, essential to enable established marsh stands to persist under high-
energy conditions. Woodhouse, Seneca, and Broome (1976) found fertilizer to
be very effective in overcoming the stunting effects of periodic salt buildup
on smooth cordgrass. Broome, Seneca, and Woodhouse (in preparation, 1983)
showed that the second year fertilization was essential to the establishment
of a fully protective cover on a highly deficient, rapidly eroding, high-
energy site.

Fertilization through the second year and perhaps in some succeeding years
should always be considered where slow establishment and stress conditions
threaten the maintenance of protective marshes. The amounts needed in such
cases are likely to be less, no more than half, that required for marsh estab-
lishment. Such applications should consist of soluble materials and be broad-
cast in early spring. Fertilizers should always be applied when the soil
surface is exposed by low tide.

5. Summar.

a. Types of Fertilizers:

(1) Amaonium sulfate, diammonium phosphate, osmocote, and mag-amp
are good sources of nitrogen.

(2) Concentrated superphosphate, diammonium phosphate, osmocote,
and mag-amp are satisfactory sources of phosphorus.

b. Placement: Place in planting hole or furrow during planting or top-
dress at low tide, 1 month after planting when new roots have developed.

c. Rate: 1 to 3 kilonewtons of nitrogen (N) and I kilonewton of
phosphate P205) per hectare.

d. Maintenance: Not usually necessary but may improve a planting's
resistance to wave stress.

VI. PLANTING SPECIFICATIONS FOR PRINCIPAL SPECIES

This section summarizes specifications for planting each of the principal
j species (smooth cordgrass, Pacific cordgrass, Lyngbye's sedge, and tufted

hairgrass) used for shore stabilization and describes suitable planting
techniques for each species. A brief summary of specifications is included
following each section.

1. Smooth Cordgrass (Spartina attewnifZo'a), Atlantic and Gulf Coasts.

Smooth cordgrass is the dominant flowering plant in the regularly flooded
intertidal zone along the Atlantic coast from Newfoundland to about central
Florida and along much of the gulf coast (Fig. 20). These marshes are
essentially pure stands of smooth cordgrass. There are distinct geographic
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a. Seed head inflorescence)

b. Distribution (shaded area)

I Figure 20. Smooth cordgrass.
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populations of smooth cordgrass (Seneca, 1974) and seeds or plants for use on
a given site should come from the same general area; e.g., it is not advisable
to plant North Carolina material on Long Island.

Vegetative reproduction by extensive below-ground, hollow stems (rhizomes)
is the primary method of spreading smooth cordgrass in established stands.
Although seed production is usually limited in old dense stands, it may be
substantial in newly established stands and along margins such as the borders
of tidal creeks. Seeds are important in spreading the plant into new areas
and often contribute to the density of open or patchy stands.

Smooth cordgrass can be planted with better chance of success than any
other coastal marsh species native to the United States. It is relatively
easy to propagate and quick to establish and spread. This grass tolerates
inundation better than any other salt marsh species on the Atlantic and gulf
coasts. Erosion control plantings are limited to vegetative material, such as
sprigs, pot-grown seedlings, or plugs.

a. Planting Techniques.

(1) Sprigs. A sprig is a part of a plant consisting of at least one
node (joint of a stem from which leaves arise) with attached stems and roots.
Sprigs can be obtained from existing marshes or from nurseries established for
this purpose. They are the least expensive plant type, the easiest to plant,
and probably work better for smooth cordgrass than for any other marsh
species. Sprigs must be large, robust plants to be effective.

Field-collected wild plants are satisfactory and often adequate for small-
scale plantings. These should come from uncrowded stands, usually of recent
origin, on sandy substrates. Plants are obtained by loosening individual

$ clumps with a shovel, small back-hoe, or a plow and lifting and separating
into individual transplants. Choice transplants consist of actively growing
single stems (culms) large enough to carry substantial food reserves, withI small shoots and short pieces of rhizomes left attached or discarded.
Unattached rhizomes are of no value as propagules in the intertidal zone
(Woodhouse, Seneca, and Broome, 1976). Digging and processing of planting
stock from old, dense marshes is difficult and usually yields small, poor-
quality plants. Where planting stock must be obtained from such stands, it is
preferable to resort to plugs or cores because the small, single stems are not
satisfactory as transplants (Woodhouse, Seneca, and Broome, 1974). A heavy
harvest of single culm plants initially appears to be devastating to the

* stand. However, the effect is very short-lived, particularly in open, vigor-
oua stands on sandy substrates; remaining rhizomes and shoots soon repopulate

* the area, usually in the same growing season. It is difficult to harvest such
sites Intensively enough to prevent overcrowding and reducing the suitability
of the planting stock in succeeding years. Due to the rapid recovery of
vigorous new stands, the harvesting of planting stock from year-old plantings
for marsh building in often feasible. Such stands yield transplants of
excellent quality at low cost with only a slight delay in the process of marsh
development.

4 Field nurseries are relatively easy and economical to establish if
suitable sites are available. An ideal site is a bare, smooth intertidal
slope of sandy material along a relatively protected shore. The initial stand
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may be established by seeding or transplanting single stems (Woodhouse, 1979).
Sprigs may be hand-planted by inserting them 10 to 15 centimeters deep in
holes opened by dibbles, spades, and shovels (Fig. 18) or planted in furrows
by machine (Fig. 19), taking care to firm the soil around them immediately to
prevent "float out." Planting is generally feasible only during low water
when the substrate surface is exposed.

(2) Pot-Grown Nursery Seedlings. Nursery seedlings are plants grown
from seed in peat moss or plastic pots under controlled conditions (Fig. 21).
Three- to four-month-old seedlings are an alternative to sprigs. Five- to
seven-month-old seedlings may be preferable to sprigs, particularly if trans-
planted late in the growing season. Pot-grown seedlings are relatively easy
to produce but considerably more expensive than sprigs.

Ii

Figure 21. Pot-grown nursery seedlings (Environmental
Concern Inc., St. Michael's, Maryland).

To prepare seedlings, seeds must be harvested (the cutting and collecting
of seed heads) from existing stands of smooth cordgrass by wading or from
boats (Fig. 22). This must be done shortly after maturity when seeds can be
readily dislodged from the heads by rubbing as they shatter readily soon
after. Heads should be stored moist, but not submerged, at 2* to 30 Celsius
for 2 or 3 weeks to allow "afterripening." They may then be threshed to
reduce storage space and facilitate handling, and stored in water of 20- to
25-parts-per-thousand salinity (Woodhouse, Seneca, and Broome, 1974) at 2* to
30 Celsius until planting time. Submerged storage is required because drying
seeds rapidly lose viability (Mooring, Cooper, and Seneca, 1971), and saline
water is preferable to retard germination during storage (Woodhouse, Seneca,
and Broome, 1974). Low temperatures during storage are essential to retard
germination as sprouting of ripe seeds is rapid under higher temperatures fol-
lowing afterripening. Even under the best storage conditions, large numbers
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Figure 22. Harvesting seed.

of seed will sprout by the following March or April. These sprouted seeds are
still usable for planting but are much more susceptible to damage from han-
dling than unsprouted seeds. Freezing, either wet or dry, is not a satisfac-
tory method of storage (Woodhouse, Seneca, and Broome, 1974). Viability of
stored seed is not retained longer than 1 year. Consequently, seed to be
planted the following year must be harvested in September of the previous year
in northern latitudes and in November in southern latitudes.

Seed production is confined largely to new, open stands and along margins,
e.g., along tidal creeks. The most vigorous stands usually produce the best
seeds but variability is high. Planted areas usually yield heavy seed crops
for several years following establishment. Seed heads are frequently damaged
by parasitic infestation (ergot, CZavicepa pu'purea) and by flower beetles

"* (family Mordellidae) (N. Newton, North Carolina State University, Raleigh,
personal communication, 1976).

Flowering time and seed maturity progress from north to south, at least
within geographic populations such as along the Virginia-Carolinas coast. For
example, there is a spread of about 2 weeks, north to south, in seed maturity
along the North Carolina coast with considerable variability within individual
stands. Seeds are ready for harvest as early as September in the north
Atlantic marshes and as late as November in the south Atlantic marshes but
maturity varies from year to year.

Seeds may be broadcast over the surface of sandfilled, 5- to 10-
centimeter-wide plastic or peat-moss pots and covered lightly, or they may be
germinated in flats and transferred to the pots. Seeds should be removed from
storage and soaked in 25 percent Clorox for 15 minutes, rinsed, and planted in
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the 5-centimeter pots about 3 months before transplanting or 4 to 5 months
before transplanting if 10-centimeter pots are used. Plastic containers are
usually preferable to avoid intertwining of roots between pots. it is
advisable to apply enough seed to provide 6 to 10 viable seeds per pot, but
seedlings should be thinned to 2 to 4 per pot to avoid overcrowding. Excess
seedlings may be transplanted to other pots. The pots should be irrigated
with tapwater and fertilized after the seedlings emerge with 10-10-10
fertilizer, or a slow-release material may be mixed in the pot. If the
seedlings are to be transplanted in site salinities above 15 parts per
thousand, the solution should be adjusted with sodium chloride to maintain a
salinity comparable to the site (Garbisch, 1977a; E Garbisch, Environmental
Concern, Inc., personal communication, 1977).

Plastic pots should be discarded before planting and peat pots should be
scored to encourage extension of the roots beyond the confines of the pot.
Seedlings should be planted in holes opened with a shovel, spade, dibble, or
auger. They can be planted by machine using a suitably equipped planter.
Pots should be set slightly below the substrate surface and soil firmed
tightly around them.

(3) Plugs. A plug is a root-soil mass, 10 to 15 centimeters in
diameter and 15 to 20 centimeters deep, which contains roots and a number of
stems. Plugs can be used as an alternative to the 5- to 7-month seedlings for
late plantings, or as an alternative to sprigs where plants must be obtained
from old, dense materials.

Plugs are harvested from existing marshes which have heavy-textured
sediments. An intact root-soil mass cannot be maintained if plugs are
excavated from noncohesive, sandy sediments. Culm size and vigor is important
for plugs just as it is for sprigs and for the same reasons. One to three
large culas per plug are always preferable to a larger number of smaller culmas
in the same size plug. Similar to potted seedlings, plugs should be planted
slightly below the substrate surface and soil firmed tightly around them.

b. Soils and Salinity. Cordgrass is well adapted to sea-strength
salinity (35 parts per thousand and also to the anaerobic substrates charac-
teristic of most salt marshes. Its oxygen transport system consists of
hollow, &ir-filled tissue, extending from openings in the leaves to the roots
and rhizomes (Teal and Kanwisher, 1966; Anderson, 1974). Thus, oxygen reaches
the below-ground tissues in anaerobic substrates. Cordgrass will grow in a
wide range of substrates from coarse sands to silty clays to peats. Although
dominant in regularly flooded, saline habitats, it is not restricted to these
areas; it usually attains maximum growth under lower salinities (10 to 20
parts per thousand). The grass will grow and reproduce normally under
freshwater conditions but is subject to increasing competition from other
species as salinity declines (Woodhouse, Seneca, and Broome, 1974).

c. Plantigs Zone. Smooth cordgrass usually grows from MHRW to near mean
low water (iLW) in locations with narrow tidal ranges, and from NNW to MSL in
locations with broader tidal ranges (Woodhouse, Seneca, and Brooms, 1974).
Table 2 is a summary of four observations of smooth cordgrass survival in
lower intertidal areas. In each of the above areas water level fluctuations
were principally a product of astronomical tides. In areas with pronounced
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Table 2. Smooth cordgrass survival in lover intertidal areas.

location Tidal range lowest burvivors
(source) (in) (in, MIW)

Snow's Cut, N.C. 1.2 0.2
(Woodhouse, Seneca, and
Broomne, 1972)

Cold Springs Harbor, N.Y. 2.4 0.5
(Johnson and York, 1915)

Romney Marsh, Mass. 2.8 0.9
(Chapman, 1940)

Barnstable Marsh, Mass. 2.9 1.1
(Redfield, 1972)

wind setup, this relationship may not hold. However, in general, smooth
cordgrass can be established from just above MIM to MHW in areas with a tidal
range of less than about 2.0 meters. In areas where tidal amplitude exceeds
2.0 meters, the lower limit or the planting zone is more restricted. In the
north Atlantic where tidal amplitude may reach or exceed 3.0 meters, the
plants are restricted to the upper one-half of the tidal zone. Observations
of stable natural marshes in the vicinity of the proposed planting will
generally provide reliable estimates of suitable planting zones.

d. Planting Density. On sheltered sites, a spacing of 1.0 meter will,
under average conditions, provide complete cover by early spring of the second
growing season. A 1-meter spacing is a density of about 10,000 propagules per
hectare. On sites exposed to waves, a closer spacing of 0.5 meter is
required. A spacing of 0.5 meter quadruples the density to about 40,000
propagules per hectare.

e. Planting Width. On sheltered sites, no minimum planting width
(landward to seaward) is necessary. On sites exposed to waves, a practical
minimum width is about 6.0 meters. However, at least 60 percent of the
intertidal zone should be planted. If the planting area is not wide enough,
the beach face must be graded to provide a suitable planting width. Grading
must be well in advance of planting to allow for consolidation of the
disturbed soil.

f. Planting Date. Smooth cordgrass can be planted year round but early
spring planting avoids the winter stormin and provides a longer growing season
f or plant establishment. A late spring and early summer planting may lessen
the storm hazard but provide too little time for full plant establishment,
particularly in the more northern latitudes. March, April, and early May
probably represent the optimum planting season along the mid-Atlantic coast
with the season starting somewhat later and becoming aborter northward. The
practical planting season starts as early as February and extends much longer
in the mare southern extremes.* Midsumimer plantings have been successful on

* sheltered sites along the gulf coast.
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g. Fertilization Requirements. Fertilization is recommended for all
shore stabilization plantings except where previous experience has shown it to
be unneeded.

Apply 1 to 3 kilonewtons of nitrogen (N) and 1 kilonevton of phosphate
(P2 05 ) per hectare from soluble sources (ammonium sulfate and concentrated
superphosphate, or diammonium phosphate) or in slow-release materials such as
osmocote or mag-amp (see Sec. V for details on types, placement, application
rates, and maintenance of fertilizer).

h. Planting Maintenance. Utter such as wood, styrofoam, algae, and
dislodged submerged plants may accumulate in the planting areas and form a
debris line. This material will smother and damage plantings particularly
during the first two growing seasons. The debris should be removed in both
the fall and spring.

Canada and Snow geese are fond of the tender roots and rhizomes of marsh
plants and may destroy a planted area before the plants are well established
in areas of high winter waterfowl concentrations. Rope fences erected on the
seaward edge of planted areas (Fig. 23) have been used successfully to exclude
waterfowl during the first few growing seasons. The fences consist of wood,
metal, or plastic pickets strung with nylon rope, spaced at 15-centimeter
intervals from the sediment surface to the high tide level (Garbisch, personal
communication, 1977).

Figure 23. Nylon rope fence around samooth cordgrass planting.

Severe storm may cause damage to plantings particularly duringtb estab-
lisment period. Damage areas should be replanted.
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i. Summary.

(1) Plant types - sprigs, pot-grown seedlings, or plugs.

(2) Plant spacing - 1.0 meter on sheltered sites (10,000 propa-
gules per hectare); 0.5 meter on exposed sites (40,000 propagules per
hectare).

(3) Minimum planting width - no minimum on sheltered sites; for
exposed sites 6.0 meters or 60 percent of the intertidal zone,
whichever is larger.

(4) Planting zone - slightly above HIML to 11W where tidal range
is less than 2.0 meters; mean tide level (MTL) to 1MW where tidal
range is greater than 2.0 meters.

(5) Salinity range - 5 to 35 parts per thousand.

(6) Optimal planting dates - northern range in April and Hay;
Hid-Atlantic in March, April, and May; southern range in February,
March, April, and Hay.

(7) Fertilization - 1 to 3 kilonewtons of nitrogen (N) and I
kilonewton of phosphate (P205) per hectare.

2. Pacific Cordgrass (Spartina fotioea), Southern Pacific Coast.

This grass Is similar in appearance to the smooth cordgrass of the
Atlantic and gulf coasts but does not grow quite as tall, is less vigorous,
and is slower to establish. Pacific cordgrass (Fig. 24) is the dominant

flowering plant in regularly flooded, intertidal marshes from Haboldt Bay
southward to Mexico.

Pacific cordgrass is adapted to inundation and anaerobic soils through its
oxygen transport system (Kasapligil, 1976; Wong, 1976; Pride and Lingue,
1976). Hollow, air-filled tissue in the stem carries oxygen from the leaves
to roots and rhizomes. This mechanism also introduces oxygen into the soil
surrounding the root and rhizome system. The plant tolerates salt by excret-
ing it through salt glands.

Two forms of Pacific cordgrass have been identified in San Francisco Bay-
a medium, stout form (0.3 to 1.2 meters high) that grows in thelower zone,
and a dwarf form (0.2 to 0.3 meter high) that occurs mixed with pickleweed at
higher elevations (Mason, 1976). It is not known*whether these forms have a
genetic basis or are due to environmental features. Short-term field tests
suggest that the two forms react differently to elevation (Harvey, 1976). The
dwarf form was more successful than the stout form when transplanted in higher
zones. A particularly stout, woody form of Pacific cordgrass has been
observed in the high intertidal zone in Humboldt Bay, California. It appears
to be extremely resistant to wave action and was initially considered to be a
species or variety separate from Pacific cordgrass. Gerrish (1979) found that
the stout, woody form belongs to the same chromosomal population as Pacific
cordgrass.
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a. Seed head (inflorescence)

b. Distribution (shaded area)

Figure 24. Pacific cordgrass.
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Reproduction in established stands of Pacific cordgrass is vegetative
through extensive underground stem (rhizomes). Although seed production is
erratic and usually limited in old, dense stands, it may be substantial in

-newly established stands or along the margins of older stands. Seeds are
important for spreading the plant into new or freshly disturbed areas (Mason,
1976).

The capacity of Pacific cordgrass to grow lower in the tidal zone than any
other marsh species on the Pacific coast makes it especially valuable for
shore stabilization.

a. Planting Techniques.

(1) Sprigs. Sprigs are the least expensive plant material and are
the easiest to plant. A sprig consists of at least one node (joint of a stem
from which leaves arise) with attached stems and roots. Sprigs are obtained
from existing marshes. Field nurseries can be established as a source of
plant materials, an early Pacific coast planting (Knutson, 1976) is now in use
as a field nursery. In sandy substrates individual clumps may be loosened
with a shovel, lifted, and separated into individual sprigs; however, the task
is very laborious and likely to produce poor-quality plants in fine-grained
sediments. In this case, plugs must be dug from the marsh and the individual
sprigs separated with the use of a knife or other implement. In sandy sedi-
ments the highest quality transplants can be obtained from uncrowded stands
which do not have a dense root mat. However, areas where Pacific cordgrass
can be harvested on sandy sediments are rare. Because the natural spread of
Pacific cordgrass is relatively slow, no more than 10 percent of the harvest
area should be disturbed. Transplants may be hand-planted by inserting them
10 to 15 centimeters deep in holes opened by a dibble or shovel. In saturated
fine-grained sediments the transplants may often be inserted without the use
of implements. The soil around plants should be firmed to prevent "floatout." Planting is generally feasible only during low water when the substrate
surface is exposed.

(2) Pot-Grown Nursery Seedlings. Nursery seedlings are plants grown
from seed in peat moss or plastic pots under controlled conditions. Three- to
four-month-old seedlings are an alternative to sprigs. Five- to seven-month-
old seedlings may be preferable to sprigs particularly if transplanted late in
the growing season. Pot-grown seedlings are relatively easy to produce but
considerably more expensive than sprigs (Fig. 25).

To prepare seedlings, seeds -must be harvested from existing stands of
Pacific cordgrass (Fig. 26). Seed production in Pacific cordgrass is very
erratic. Early investigators believed that viable seeds were seldom produced
and of minor significance in the spread of this species (Purer, 1942; Hinda,
1954). However, substantial seed crops (viability 80 percent) have been found
in the San Francisco Bay area. Seeds from these sites have been harvested and
stored, and plants have been produced from them (Mason, 1976). The best seed
production was located near tributaries to the bay. The lower salinities at
these sites may be a factor encouraging seed formation although this has not
been established. Like smooth cordgrasa, Pacific cordgrass seed heads may be
attacked by ergot.
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I Figure 25. Pot-grown nursery seedlings (San Francisco Bay
Marine Research Center, Inc., California).

* a Figure 26. Harvesting Pacific cordgraus Seed.
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Pacific cordgrass seeds mature in the San Francisco Bay area in October;
seed heads begin to shatter shortly thereafter. Harvesting must be timed just
before shattering when seeds are easily dislodged by tapping the heads or
stalks. Mature heads may be harvested by hand either from a boat or by wad-
ing. Seeds should be stored in cold saltwater for about 2 weeks to loosen
inflorescences. Seeds may then be threshed by placing the heads on a No. 30
screen and subjecting them to a strong spray of water from a hose. Viability
of seeds is maintained over winter by storing in cold (4" Celsius) freshwater
or saltwater (11 to 12 parts per thousand). Saltwater is more effective in
preventing germination during storage. Mason (1976) found that satisfactory
germination resulted when seeds were placed in freshwater at the end of the
storage period. The germination of Pacific cordgrass may be more sensitive to
salinity than smooth cordgrass. Viability is not maintained by drying or
freezing. Seedling production procedures are the same as for smooth cord-
grass. Though 5- to 7-month-old seedlings of Pacific cordgrass have not been
tested, it is reasonable to assume that they would perform in a manner similar
to smooth cordgrass seedlings.

The seeds are removed from storage and scattered over the surface of 5- to
10-centimeter pots filled with sand (seeds may be germinated in flats and
transplanted into pots). Approximately 10 seeds are applied to the surface of
each pot and covered with a thin layer of sand. The pots are then irrigated
with tapwater and 10-10-10 fertilizer is applied after the seeds have germi-
nated (0.25 to 0.50 kilonewton per hectare or 25 to 50 pounds per acre) and as
often thereafter as needed to maintain good color and growth or slow-release
materials may be mixed in the pot. If the seedlings are to be transplanted in

site where salinity is above 15 parts per thousand the solution should be
adjusted with sodium chloride to maintain a salinity comparable to the site
(Garbisch, 1977a, 1977b).

In saturated, fine-grained sediments, the potted seedlings can be inserted
into the sediment without the assistance of a shovel or other implement. In
sand substrates holes can be opened with a shovel, dibble, or mechanical

auger. Pots should be set slightly below the substrate surface and soil
firmed tightly around them.

(3) Plugs. A plug is root-soil mass, 10 to 15 centimeters in
diameter and 15 to 20 centimeters deep, which contains roots and a number of
stems. Plugs can be used as an alternative to sprigs or nursery seedlings.
Plugs are much more expensive than sprigs. However, on the Pacific coast it
is often difficult to locate uncrowded stands of cordgrass from which good
quality sprigs can be obtained. Consequently, plugs may be used more fre-
quently in this region than in other areas. Plugs are harvested from existing
marshes which have heavy-textured sediments (Knutson, 1976). An intact root-
soil mass cannot be maintained if plugs are excavated from noncohesive, sandy
sediments. Similar to potted seedings, plugs should be planted slightly below
the substrate surface and soil firmed tightly around them.

Studies (Newcombe, et al., 1979) in San Francisco Say have demonstrated
the effectiveness of a new type of plug. It has been observed for some time
that Pacific cordgrass growing in association with mussels (Ieohadwn demniseum
Dillwyn) form a ripraplike mt which s extremely resistant to wave energy
(Pestrong, 1972). Newcombe, et al. (1979) harvested plugs from these mats and
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used them to plant several eroding shore sites. They found these cordgrass-
mussel plugs (termed "bioconstructs") to be more tolerant to wave activity
than other plugs (Fig. 27). Locating a harvestable source for this type of
plug will be considerably more difficult; however, where available, bio-
constructs are advantageous.

Figure 27. Cordgrass-mussel plugs of Pacific cordgrass.

b. Soils and Salinity. Pacific cordgrass can be established in either
sand or fine-grained sediments. However, it is more likely to be nutrient-
limited in sandy substrates (Barko, et al., 1977). Purer (1942) observed
cordgrass in saline environments from 22 to 30 parts per thousand. Floyd and
Newcombe (1976) found germination rates higher in freshwater than in salini-
ties of 10, 20, and 30 parts per thousand. Phleger (1971) subjected adult
Pacific cordgrass plants to salt solutions of 0 to 40 parts per thousand and
found that growth was best in freshwater. However, the Phleger experiment
lasted only 8 weeks and should not be considered conclusive. The transplanted
adult plants certainly began the experiment with an accumulation of salt in
plant tissues. In general, plantings are not likely to be effective when used
in saline environments much above 35 parts per thousand.

c. Planting Zone. Submergence by the tides is probably the most impor-
tant environmental factor affecting the distribution of intertidal plants.
Pacific cordgrass is remarkably well adapted to withstand long periods of
inundation. Most plants exchange gasses (breath) through small openings in
their leaves knomn as stomata (from Greek meaning "mouth"). In Pacific cord-
grass the stomata are sunken, and the "liplike" guard cells which surround the
stomata are accompanied by subsidiary cells equipped with branched papilla
(tiny fingerlike projections). It is speculated that these papilla trap air
bubbles and prevent the wetting of the stomatal apparatus during submergence
(Kasapligil, 1976). Like several other members of the genus Spartina, smooth
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and Pacific cordgrasses contain large airspaces within their shoots and roots.
These airspaces (paerenchyma tissue) allow the plant to store its own supply
of oxygen for respiration during submergence (Johnson and York, 1915; Purer,
1942). Experiments have also demonstrated that oxygen is transported downward
through these tissues to the plants subsurface roots and rhizomes (Teal and
Kanwisher, 1966; Wong, 1976). This adaption may allow the lower parts of the
plant to carry on respiration and exchange of gasses via the emergent stems
even when the plant is partially submerged. Because of this special adapta-
tion, cordgrass survives lower in the intertidal zone than any other emergent
plant in its range.

Table 3 summarizes some observations of Pacific cordgrass survival in low
areas of the Pacific coast.

Table 3. Pacific cordgrass survival in lower intertidal zone
(Rowntree, 1973).

Location Tidal range Lowest survivors
(in) (in, MLW)

Bolinas Lagoon, arnn County 1.4 0.6

Alameda Beach, near Bay 2.0 0.8
Farm Island

Palo Alto Marsh, near 2.8 1.3
Palo Alto Yacht Harbor

For all practical purposes, shore stabilization efforts on the Pacific
coast can use MTL or slightly below as the lower boundary of the planting
zone.

d. Planting Density. Pacific cordgrass spreads somewhat slower than its
Atlantic coast counterpart, smooth cordgrass. Consequently, all stabilization
projects should use a spacing of 0.5 meter. A 0.5-meter spacing is a density
of about 40,000 propagules per hectare.

e. Planting Width. On sheltered sites, no minimum planting width
(landward to seaward) is necessary. On sites exposed to wave action, a
practical minimum width is about 6.0 meters. However, at least 60 percent of
the upper half of the intertidal zone should be planted. If based on the
elevational range of Pacific cordgrass and the slope of the shore, the
potential planting area is not 6.0 meters wide, the shore must be graded to
provide a suitable planting width.

f. Planting Date. Morris and Newcombe (1978) transplanted from Pacific
cordgrass at monthly intervals and concluded that growth was best from April
to August. Early spring planting (April) is preferred for stabilization
projects.

g. Fertilization .aquiresents. A fertilizer response has not been demon-
strated for Pacific cordgraes on fine-textured substrates. However, because
early development Is critical, fertilization is recommended for all shore
stabilization projects unless nutrients availability is certain.
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Apply 1 to 3 kilonewtons of nitrogen (N) and 1 kilonewton of phosphate
(P 2 05 ) per hectare from soluble sources (ammonium sulfate and concentrated
superphosphate, or diamonium phosphate) or in slow-release materials such as
osmocote or mag-amp (see Sec. V for details on fertilization requirements).

h. Planting Maintenance. Litter such as wood, styrofoam, algae, and
dislodged plants accumulate and form a debris line. This material may smother
and damage plantings particularly during the first two growing seasons. The
litter should be removed in both the fall and the spring. Areas within the
planting that are damaged by storms should be replanted.

i. Summary.

(1) Plant types - sprigs, p t-grown seedlings, or plugs.

(2) Plant spacing - 0.5 meter (40,000 propagules per hectare).

(3) Minimum planting width - no minimum width on sheltered sites;
for exposed sites 6.0 meters or 60 percent of the upper one-half of
the intertidal zone, whichever is larger.

(4) Salinity range - less than 35 parts per thousand.

(5) Planting zone - MTL to mean lower high water (HLHW).

(6) Optimal planting date - April.

(7) Fertilization - 1 to 3 kilonewtons of nitrogen (N) and I
kilonewton of phosphate (P2O5 ) per hectare.

3. Pacific Northwest.

Few of the relatively large variety of plants found in marshes along this
coast presently offer promise for planting purposes. More will probably be
found useful with further experience. There is no single species such as
Pacific cordgrass on the south Pacific and smooth cordgrass on the Atlantic
and gulf coasts colonizing and dominating the lowermost, regularly flooded
zone of salt marsh vegetation in this region. Jefferson (1975) identifies
four species--Lyngbye's sedge, seaside arrowgrass, pickleweed, and tufted
hairgrass-as the most important in trapping sediments along the Oregon
coast. Of these four species, Lyngbye's sedge appears to be the most
promising plant for use in erosion control.

a. Lyngbye's Sedge (Carex ZLpgbyei). This plant is a major component of
salt, brackish and fresh water marshes in the northern Pacific coast (Fig.
28). The species composition of these northern marshes is more diverse than
that found in other coastal areas of the United States. Also, less discrete
elevation zones of vegetation are found In the less saline marshes of the
northern Pacific, with a gradual change southward to the southern Pacific
coast section between Hlmboldt Bay and San Francisco (MacDbnald and Barbour,
1974). Little guidance is available for planting in the northern region.
Successful intertidal plantings have been made in the Columbia River estuary
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II

a. Seed head (inflorescence)
, (photo courtesy ot D.L. Higley and R.L. Holton)

0:A

b. mstribution (shaded area)

Figure 28. Lyngbye's sedge.
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under freshwater conditions (Ternyik, 1977 and 1978). There have been several
other smaller plantings in brackish water or saltwater (Armstrong, U.S. Army
Engineer DLstrict, Seattle, personal communication, 1979).

(1) Planting Techniques. This plant spreads vegetatively and by
seeds. Planting has been limited to sprigs gathered from the wild. This
appears to be both satisfactory and practical for small to moderate plantings.
Sedge is plentiful throughout most of the Pacific Northwest and it is easy to
dig and transplant (Ternyik, 1977). Plants should be from young stands that
are less than 2 years old and should consist of three or more stems. Prelimi-
nary tests using plugs have not been encouraging. It is likely that planting
stock can be readily moved from high to low salinity sites but not from low to
high. Good quality planting stock may be readily produced from older stands
by covering them with 10 to 15 centimeters of sediment the year before the
plants are to be used. As a large amount of this species is present in the
region, this may often be more feasible than planting nurseries. Although
sedge has been planted only by hand it should work well with planting
machines.

(2) Soils and Salinity. Sedge marshes usually occur on silty
substrates (Jefferson, 1973); however, the species can be planted in either
coarse- or fine-grained substrates. Lyngbye's sedge will tolerate salinities
in a range up to 20 parts per thousand.

(3) Planting Zone. Sedge should be planted from KLHW to mean higher
high water (MRHW). In areas where tidal range is restricted (less than 2
meters) planting may be successful down to HTL.

(4) Planting Density. Transplants should be planted on 0.5-meter
centers. This is a density of about 40,000 plants per hectare.

(5) Planting Width. On sheltered sites no minimum width (landward to
seaward) is required. Minimum planting width should be at least 6 meters on
sites exposed to wave action. If the planting zone is not 6 meters wide, the
shore should be graded to provide a suitable planting width.

(6) Planting Date. April through June appears to be the preferred
time for transplanting.

(7) Fertilization Requirements. Sedge was reported as very respon-
sive to fertilization on a sandy--substrate in the lower Columbia River, with
little or no growth in gnfeftillzed plots (Ternyik, 1977). This plant will
probably respond _tp-nitrogen and phosphorus under deficient conditions in
about the s iy as smooth cordgrass, and fertilization is likely to promote
rapid tlishment (see Sec. V for more details on fertilization require-

(8) Planting Maintenance. Tidal debris is a problem on many sites in
this region, and care should be taken to prevent smothering of new plantings
where heavy deposition of wood or debris occurs. Storm damage should be
repaired by replanting.
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(9) suimary.

(a) Planting technique - sprigs.

(b) Plant spacing - 0.5 meter (40,000 per hectare).

(c) Minimum width of planting - no minimum width for
sheltered sites; sites exposed to waves should be planted to a width
of at least 6.0 meters.

(d) Salinity range - 0 to 20 parts per thousand.

(e) Elevation - MLHW to MHHW.

(f) Optimal planting period -April, May, and June.

(g) Fertilization - 1 to 3 kilonewtons of nitrogen (N) and I

kilonewton of phosphate (P205 ) per hectare.

b. Tufted Hairgrass (Deschampsia caespitosa). Experience with planting
this species is limited, but it has been planted successfully. It is easy to
transplant, quick to establish, and widely distributed in the Pacific
Northwest (Fig. 29).

(1) Planting Techniques. Plantings have been done using material
gathered from the wild (Ternyik, 1977). As tufted hairgrass is plentiful
throughout the region and easy to dig, wild plants will probably be an ade-
quate source for small projects. Tufted hairgrass has only been planted by
hand, 10 to 12 centimeters deep. Some planting machines could be adapted to
handle it. The grass should be relatively easy to propagate under nursery
conditions because it grows readily above the normal tidal range. A nursery
procedure similar to that described for smooth cordgrass is suggested.
Transplants should probably be multistemmed.

(2) Soils and Salinity. Tufted hairgrass can be planted in both
coarse- and fine-grained sediments and in fresh and brackish waters.

(3) Plantin Zone. Natural range is from about MLUW upward. When
planted with lyngbye s sedge the two species should overlap at the elevation
of MHIH and the tufted hairgrass should be extended somewhat higher than the
sedge.

(4) Planting _enslty. 1.0-meter spacing.

(5) Planting Width. No minimaum.

(6) Plantin Date. Based on behavior of similar species, April or
May appears to be the best time to plant this grass.

(7) Fertilixer lPAuirements. There was some indication of fertilizer
response on sandy substrate in the lower Columbia River, but it was not as
striking as on sedge (Ternylk, 1977). Fertilizers (nitrogen and phosphorus)
should be tried on this species where nutrient deficiencies are suspected.
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a. Seed head (inflorescence)1(photo courtesy of D.L. Higley and R.L. Holton)

>A-

b. Distribution (shaded area)

Figure 29. Tufted hairgras.
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(8) Planting Maintenance. Debris deposited by high tides is defi-
nitely a hazard to plantings of this grass on many sites in the Pacific

Northwest. Regular inspection and removal should be practiced where wood or
litter deposition is heavy. Tufted hairgrass is grazed by wildfowl which
could interfere with establishment in concentration areas. Storm damage
should be repaired by replanting damaged areas.

(9) Summary.

(a) Planting type - sprigs.

(b) Plant spacing - 1.0 meter (10,000 per hectare).

(c) Minimum width of planting - none.

(d) Salinity range - fresh and brackish water.

(e) Elevation - MHHW and above.

f-)-Optimal planting period - April, May, and June.

(g) Fertilization - may be necessary in nutrient-poor sediment.

VII. PLANTING SPECIFICATIONS FOR OTHER USEFUL SPECIES

In general, the previously described primary species are effective

pioneers in the intertidal zone. Once established they provide an environment
to which many other species will invade over time. However, there are
specific instances when incorporating additional species into the initial
planting may be warranted. The additional species potentially useful for
shore stabilization p"antings include black needle rush, common reed, cord-
grasses (big, gulf, and saltme.*Zow), mangroves (red, black, and white),
saltgrass, seaside arrowgrass, and siltgrass.

1. Black Needle Rush (Juncus oemerianus).

This plant is an important and extensively occurring high marsh species
along the Atlantic and gulf coasts. Success in transplanting this species has
been erratic. Plants from young, uncrowded stands are definitely preferable
to older plants. Seeds may germinate as soon as shed. They require direct
sunlight and constant wetness. Black needle rush seeds are more difficult to
harvest than seeds of the cordgrasses. Plantable seedlings have been produced
in peat pots (Garbisch, Woller, and McCallum, 1975) and plastic containers
(Broome, North Carolina State University at Raleigh, personal communication,
1980) but take more time and are more erratic than the cordgrasses. In light
of the difficulties encountered in direct establishment of this species and
the propensity It has for invading stands of other marsh plants after stabili-
zation, direct planting of black needle rush as the primary species is rarely
justified. Growth and spread is extremely slow, probably about 10 centimeters
per year (Fig. 30). It is much easier to stabilize the area with smooth

cordgrass, saltmoadow cordgrass, or big cordgrass and allow black needle rush
to invade naturally where it is best adapted. If large grass plantings are
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Figure 30. Seven years growth from single sprig of black needle
rush (darker clump in right center), CERC Field
Research Facility, Dick, North Carolina.

isolated from natural stands, it may be advisable to include 1 to 5 percent
black needle rush in the initial planting -to ensure the presence of a seed
supply. Seeds mature in late spring or early summer. Fall planting might be
considered for protected sites.

a. Planting Techniques. Transplants or potted seedlings.

b. Soil and Salinity. Silty clays, sand, and loams; 0 to 25 parts per
thousand salinity (Kadlec and Wentz, 1974), but infrequently occurring in
freshwater marshes (U.S. Army Engineer Waterways Experiment Station, 1978).

c. Planting Zone. MHW to extreme highest tide (varies from this where

water levels are wind-controlled).

d. Planting Insity. I- to 4-meter spacing.

e. Planting Width. No minimum.

f. Planting Date. Spring.

g. Fertilization Requirements. 0.3 to 0.5 kilonewton of nitrogen (N) and
phosphate (P 2 05 ) per hectare from soluble sotrces 2 to 4 weeks after planting.

2. Common Reed (Phragtee commuis).

This perennial grass is widespread throughout the United States especially
in the northwest and east. It is an aggressive, weedy plant which often
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crowds out more desirable plant species (Ward, 1942). Figure 31 shows a
successful planting for erosion control. In the Great Lakes, common reed is
the most promising plant for erosion control (Woodhouse, 1979).

I

Figure 31. Erosion control planting with common reed, CERC
Field Research Facility, Duck, North Carolina.

a. Planting Techniques. Hand or machine plant, upright, leaving a few
centimeters exposed. Plant only when soil is moist.

b. Soil and Salinity. Common reed may be planted in either coarse- or
fine-grained sediments and will withstand salinities up to about 20 parts per
thousand (U.S. Army Engineer Waterways 4xperiment Station, 1978).

c. Planting Zone. Will withstand drought but requires shallow flooding
in spring (U.S. Army Engineer Waterways Experiment Station, 1978). Will not
tolerate permanent flooding of depths greater than 15 centimeters (Ward,
1942).

d. Planting Density. 0.5-meter spacing.

e. Planting Width. 6.0 meters.

f. Planting Date. Spring.

g. Fertilization Requirements. 0.3 to 0.5 kilonewtons of nitrogen (N)
and phosphate (P20 5 ) per hectare from soluble sources 2 to 4 weeks after
planting. Fertil zation will seldom be warranted because of common reed's
agressive nature.
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3. Cordgrasses.

a. Big Cordgrass (Spa tina cynosu.oides). This cordgrass occurs exten-
sively along the Atlantic and gulf coasts wherever freshwater influence is
strong, along tidal creeks and in brackish waters such as Currituck Sound,
North Carolina, and large areas in the Mississippi Delta where it, together
with common reed, make up the "cane zone." It is a vigorous grover, larger
and taller than smooth cordgrass and form a dense root-rhizome mass affording
excellent protection in its zone of adaptation. Big cordgrass has very
specific elevation and flooding requirements which limit it to a rather narrow
zone from about MW upward, often in a narrow band between smooth and salt-
meadow cordgrass zones. It is especially easy to grow in pots. Seeds geri-
nate readily and seedlings grow rapidly. Seeds should be stored in cold
saltwater, 10 parts per thousand. It can be used very effectively in brackishareas just above smooth cordgrass.

Plant production, transplanting, spacing and management are the same as
described for smooth cordgrass in Section V1.

b. Saltmeadow Cordgrass (Spartina patene). Saltmeadow cordgrass is a
fine-leaved grass, 15 to 90 centimeters high, that occurs extensively in the
occasionally flooded high marsh zone all along the Atlantic and much of the
gulf coasts (Fig. 32). In the absence of black needle rush, it replaces
smooth cordgrass at about the HW level and forms dense mats from MHW to the
high spring or storm surge line. This grass forms a narrow band along the
marsh edge but on gently sloping topography it may cover a wide expanse and be
mixed with saltgrass, patches of black needle rush, and other high marsh
species. Saltmeadow cordgrass forms the extensive salteadows of New Ehgland
that were formerly mown for hay.

Saltmeadow cordgrass can withstand extended periods of both flooding and
drought, and often occurs where surface drainage is poor, causing ponding of
rainwater during wet periods. It cannot tolerate the daily flooding of the
intertidal zone. Saltmeadow cordgrass is a valuable stabilizer for the zone
between the smooth cordgrass and the high spring or storm surge line. This
zone is not exposed to direct attack by waves except when storms cause higher
than normal water levels. Even on eroding shorelines this zone will often
have complete vegetative cover and will not require planting. However, if the
zone is unvegetated, planting of saltmeadow cordgrass will retard erosion from
surface runoff (Fig. 33).

(1) Planting Techniques.

(a) Sprigs. Saltueadow cordgrass is plentiful in high marshes
and on low sandflats aong the Atlantic and gulf coasts, but it is difficult
to obtain good planting stock from the wild. Stands on moit sites soon
become so dense that harvesting is difficult, and the crowded plants do not
aske vigourous planting stock. Plants growing on dry, infertile sites lose
vigor and survive poorly when transplanted. The best transplants are the
large culs from rapidly growing, uncrowded young stands; however, obtaining
significant quantities of this kind of transplant say require the establish-

eant of a nursery. Although saltmeadow cordgrass is also found in coastal
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Pt Figure 32. Saltmeadow cordgrass meadow (Maine) (photo

t courtesy of Steven leatherman).

Figure 33. Saltusadow cordgrama planted landward of smooth
cordgrass (photo courtesy of W. Garbiach).
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swales and dunes, planting stock should not be obtained from these areas.
Recent evidence indicates that there is adaptive genetic divergence among the
marsh swale and dune subpopulations of saltmeadow cordgrass (Silander, 1979).

Saltmeadow cordgrass can be grown as readily inland as on the coast.
However, survival of such material has been variable when transplanted to more
saline environments. It should be planted on a weed-free, sandy soil with a
moderately good moisture-holding capacity. The seedbed should be well
pulverized, and if needed, fumigated with methyl bromide to kill weed seeds.
Seed may be used for nursery establishment but transplants are usually more
practical. Nursery plantings should be made in late winter or spring. One-
to three-culm transplants should be used from young, vigorous stands set 10 to
15 centimeters deep in moist soil, 0.5 meter apart in rows. To allow cultiva-
tion, rows should be spaced about 1 meter apart. Fertilizing should be done
at planting; topdress with nitrogen later if needed as indicated by growth and
appearance.

It is usually best to harvest nursery-grown stock after one growing season
to avoid the development of overcrowded, less desirable plants. Harvest is
accomplished by loosening individual clumps with a shovel, a tree digger, or a
similar tool and then lifting. Saltmeadow cordgrass culms are small even
under the best growing conditions; clumps should be divided into four- to
eight-culm plants for transplanting. Plants may be stacked upright in tubs,
baskets, or crates for handling and transport, or bundled in the same way as
tree seedlings. Care must be taken to avoid drying or heating. Plants may be
heeled in moist sand for temporary storage.

Field-grown plants may be planted by hand by inserting them 15 to 20
centimeters deep in holes opened with a dibble or shovel or in furrows opened
by machine. Soil should be firmed around them to minimize blowouts and
washouts& Tobacco or strawberry planters can be modified to handle them.
Soil should always be moist at planting.

(b) Pot-Grown Nursery Seedlings. Nursery seedlings are an
alternative to the use of sprigs for the planting of saltmeadow cordgrass;
however, seedlings are more expensive. Seedlings will be preferable where
salt buildup or drought is likely to interfere with initial establishment.
The more intact root systems of the pot-grown seedlings provide better plant
survival. Salt buildup is likely in part of the saltmeadow cordgrass zone
when inundation by spring tide or storm surges is followed by periods of low
rainfall and warm temperatures. Established plants can tolerate this but
fresh transplants may suffer severe damage.

To prepare seedlings, seeds must be harvested from existing stands of
saltmeadow cordgrass. Saltmeadow cordgrass is a fairly consistent seed pro-
ducer. It grows on irregularly flooded and unflooded sites and the seeds do
not require oist storage (Webb and Dodd, 1976). Large-scale harvesting and
processing of this species could be handled with the same equipment and in a
similar anner as many of the cultivated grasses. Small quantities are har-
vested by hand, as with smooth cordgrass. Seed should be stored dry. Storage
at low temperature is probably best, although there is no clear-cut evidence
to support this. The seeds should be removed from storage and scattered over
the surface of 5- to 10-centimeter plastic or peat pots filled with sand about
3 or 4 months before transplanting time (seeds may be gerainiated in flats and
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transplanted into pots). Approximately 10 viable seeds should be applied to
the surface of each pot and covered lightly to imbed the seeds. The pots
should be irrigated with tapwater and fertilized with 10-10-10 (0.3 to 0.5
kilonewtons per hectare) after the seeds have germinated or with slow-release
material mixed in the pot. If the seedlings are to be transplanted in a site
with salinity above 15 parts per thousand the solution should be adjusted with
sodium chloride to maintain a salinity comparable to the proposed planting

* site (Garbisch, personal communication, 1977).

(2) Soils. Saltmeadow cordgrass can be planted in cohesive as well
as sandy sedaents.

(3) Planting Zones. Saltmeadow cordgrass exhibits an unusual
reaction to elevation in that it grows lower into the tidal range from south
to north. It is found only well above MW in Georgia, but extending down into
the upper 10 percent of the mean tidal range in Maine, and in an intermediate
position on the Delaware coast (Reimold and Unthurst, 1977). On the gulf
coast it can be established down to MW (Webb, et al., 1978). Planting
elevation for this species should either coincide with that of natural stands
in the vicinity, or it should overlap a part of the planting zones for other
speci.:s planted above and below it.

(4) Planting Insity. On most sites planting on 1-meter centers is~adequate for both sprigs and 15-week-old seedlings. This is a density of

about 10,000 propagules per hectare. Density can be increased to 0.7- or 0.5-meter centers in critical situations.

(5) Planting Width. There is no recommended minimum planting width
I for this species. In general, within practical limits unvegetated areas

adjacent to and above the smooth cordgrass planting should be planted. Plants
are difficult to establish on the face of eroding banks unless the slope of
the bank face is 1 to 5 or more gradual.

(6) Planting Date. Saltmeadow cordgrass has a rather wide tolerance
to time of planting, from late winter to early summer; Gallagher, Plumley, and
Wolf (1977) suggest fall planting, but this has not been tested. Late spring
is probably the preferred time in most cases. However, where salt buildup is
likely, earlier planting is essential. Soil moisture content during and
following planting is probably more important for this species than planting
date.

(7) Planting Management. Saltmeadow cordgrass is very responsive to
fertilizers under nutrient-poor conditions. Response usually occurs on sandy
or peaty substrates but occasionally extends to silts and clays. Under these
conditions, fertilizer can be a useful and relatively inexpensive tool in
promoting rapid establishment and resistance to wave stress. Where nutrient

'* deficiency is expected, apply 0.3 to 0.5 kilonewton of nitrogen (N) and a
similar mount of phosphate (P 2 05 ) per hectare from soluble sources 2 to 4
weeks after planting or as soon as new growth appears. Follow at about 6-week
intervals with a second and third application of nitrogen. Slow-release
materials applied in the planting hole are very effective on this grass,
particularly in compact soils. Soluble fertilizers should not be placed in
the planting hole because of the risk of salt injury.
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(8) Summary.

(a) Planting technique - sprigs or 15-week-old seedlings.

(b) Planting density - 1.0-meter spacing.

(c) Minimum width - none.

(d) Optimum salinity range - 10 to 35 parts per thousand.

(e) Planting zone - north Atlantic, upper 10 percent of mean
tidal range to extreme high time; mid-Atlantic, NW to extreme high
tide; south Atlantic, above M4W to extreme high tide; gulf, MHW to
extreme high tide.

(f) Planting season - north Atlantic in April and May; mid-
Atlantic in March, April, and May; south Atlantic and gulf in
February, March, and April.

(g) Fertilization requirements - 1.0 to 1.5 kilonewtons per
hectare of nitrogen (N) and 1.0 kilonewton of phosphate (P205)
divided into three applications.

c. Gulf Cordgrass (Spartina spartinae). Gulf cordgrass is a bunch-type
grass somewhat resembling but readily distinguishable from saltmeadow cord-
grass by its bunch habit (Fig. 34). Gulf cordgrass replaces saltmeadow cord-
grass in heavy soils on the western Louisiana and Texas coasts. It occurs
from NN inland for a distance of more than 80 kilometers in moist upland clay
sites. Because gulf cordgrass is seldom in direct contact with waves, it
should not be used alone for shore stabilization. Plantings will generally
reduce erosion due to runoff in clay sediments in the zone immediately above
saooth cordgrass.

There has been little experience with planting gulf cordgrass. However,
the plant should respond to the planting techniques used for saltmeadow
cordgrass (Dodd and Webb, 1975).

4. R ed Mangrove (Rhixopho,'a =IsQZ), Black Mangrove (Avioannia gerammnae) ,
and White Mangrove (Lagumulara mrowmoea).

Three mangrove species occur along the Florida coast: the red mangrove,

the black mangrove, and the white mangrove (Fig. 35). Red mangrove tolerates
the deepest submersion, white mangrove the driest soil, and black mangrove theI highest salinity. Black mangrove is the most cold-hardy but the slowest
grower. White mangrove has the least cold tolerance and is the fastest
growing (Davis, 1940; Savage, 1972; Pulver, 1976).

*The red mangrove is well adapted to invade new areas through its large,
viviparous seed (germinates within the pencillike radicle while still attached
to the tree), which is ready to take root as soon as it falls from the tree.
Propagules remain viable while floating long distances for months and take
root upon landing on a suitable site. This is usually the first mangrove to

75

. .... .. 1-



irt

Figure 34. Gulf cordgrass.

Ale.mangove ~IAl

Black mangrove

We mangrove

Figure 35. White, black, and red mangroves.
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invade new areas and has been considered the chief agent for shoreline stabi-
lization in Florida (Davis, 1940). The isopod parasite (Spcze'oma terobvmsx)
causes serious damage to red mangrove roots on some sites (Teas, 1977).

Savage (1972) points out that black mangrove may be preferable f or shore
stabilization. It is more cold-hardy, more tolerant of artificial substrates
and high-energy conditions, and provides earlier and more complete protection
through the development of an accessory root system (pneumatophores) than the
other two species. White mangroves appear to have the lowest value for stabi-
lization because the seedlings have more fragile root systems and are very
slow to develop accessory roots. It invades and coexists with the other two

and contributes to stability in this way.

The red mangrove usually fringes the shoreline. Apparently, this species
is able to establish at slightly lower water levels than the other two. Where
both mangroves and salt marsh occur together, the mangroves extend seaward of
the salt marsh. Mangroves, once established, can tolerate deeper water than

salt marsh plants. Mangroves easily form hedges alonig developed waterfront
property. Savage (1972) found that all three species respond well to selec-
tive pruning. Thus, they can be used to replace or protect bulkheads and
still fit landscaping plans, and can be pruned to avoid visual obstruction.
Mangroves play a role in stabilization and primary production similar to that
of temperate zone salt marshes and are generally considered their subtropical
and tropical equivalents.

Established mangroves are very effective stabilizers (Carlton, 1974). The
black mangrove produces extensive accessory root system that form dense mats
in and above the soil surface. The red mangrove develops a system of prop
toots which provides substantial trapping capacity. However, these tree
species require considerably more time for complete establishment and are more
difficult to establish on bare sites than are the grasses in the intertidal
zone. Savage (1972) found that a minimum of 3 or 4 years is required for
black mangrove seedlings to develop stabilizing roots; red mangrove seedlings
require 5 or more years to develop prop roots. This can be cut in half by
growing plants under controlled conditions (H. Teas, Botanist, University of
Miami, COral Gables, Florida, personal communication, 1978). Even so, this
means a period of at least 2 to 3 years from planting of mangrove seeds or
s eedlings to stabilization, compared with 9 to 14 months for smooth cordgrass.

lso, the slow development of mangrove seedlings make. then much more vulner-
able to damage or disturbance from wave and tidal action, floating debris,
traffic and browsing by animals and insects than most salt marsh species
(Savage 1972; Teas, Jergens, and Kimball, 1975). The alternative of planting
4- to 8-year-old plants, which have a better chance of survival, would be
expensive and appears to be Impractical except in small-scale, special purpose
plantings.

Fortunately, a natural sequence along many of these shores is the initial
stabilization of newly 'exposed intertidal sites by smooth cordgrass, followed
by the invasion of mangrove seedlings. The smooth cordgrass Is gradually
overcome and eliminated through shading as the mangroves develop into tres
(lawis and Thnstan, 1975, 1976). Evidently, the mangrove seedlings establish
more easily after the substrate has been stabilized by the grass. The natural
sequence of grass, followed by mangroves, offers a practical method of
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establishing vegetative cover in the intertidal zone. Stabilization can be
accomplished rapidly and at low coat by planting smooth cordgrass. This will
be followed on most sites by the natural invasion and eventual takover of
mangroves, if there is an adequate seed supply. Planting of mangrove seed,
seedlings, or plants in the cordgrass stand soon after stabilization would
speed the transition, if desired.

a. Planting Techniques. Plants should be set in holes large enough to
accommodate the root mass, at about the same level in the ground as they were
growing, with the edges of the hole filled and firmed. This can be done best
at low tide. The root ball should be kept intact and care taken not to cover
pneumataphores or prop roots.I

Watering is advisable at higher elevations where daily flooding does not
occur. Pruning definitely improves survival and early growth. Black and
white mangroves should have top and side branches pruned to about two-thirds
of their original length. Pruning of red mangroves must be selective; lateral
buds may not grow on branches pruned back to a diameter greater than 2.5
centimeters (Pulver, 1976).

b. Salinity. Tolerant to sea strength 35 parts per thousand.

c. Planting Zone. Established red mangroves tolerate continuous water
coverage of the substrate surface 0.5 meter deep to occasional flooding a few
centimeters deep. The black mangrove grows slightly higher, under a few
centimeters of standing water to barely flooded by spring tides or storm
surges. The white mangrove will grow with the other two at about all eleva-
tions (Davis, 1940). Successful plantings of all three species have generally
been above MTL. Propagules and young plants cannot tolerate continuous flood-
ing (Teas, 1977). It may be possible to succeed at lower elevations by using
older plants.

d. Planting Density. Seedlings may be planted as close as 0.5 meter on
centers and natural thinning permitted to determine the final stand. With the
more expensive saplings, a 2- to 3-meter spacing is suggested.

a. Planting Width. No minimum.

f. Planting Date. The optimum planting season of young seedlings, dug
from the wild, is in late February and March. Planting of larger plants can
probably be done successfully throughout the year if done with care.

g. Fertilization Requirements.* There are no data to support the use of
fertilizers on mangrove planting. These species respond to fertilizer in
nurseries (Teas, 1977) and will probably respond to the addition of nitrogen
and phosphorus in the field on some sites. The cost of slow-release materials
such as osmocote or sag-amp applied in the planting hole, would be warranted
If needed, for the larger transplants. Fertilization should be tried wherever
nutrient limitations are suspected.

h. Planting Management. Smothering by drifting debris is a problem on
some sites, particularly with small plants. Removal of debris should be prac-
ticed during the period of establishment. Pruning of established plants my
be continued where mangroves play an ornamental role.* The black and white
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species will tolerate severe selective pruning; the red should be pruned with
care, cutting only branches smaller than 2.5 centimeters.

5. Saltgrass (DietichZia picata).

Saltgrass is widely distributed in high marshes along the Atlantic, gulf
and northern Pacific coasts and to a lesser extent along the southern Pacific
coast. It is more salt tolerant than other high marsh species (Chabreck,
1972) and is often dominant in small, poorly drained, more saline patches. It
has not been planted extensively. Rardisky and Reimold (1979) stated that
this grass survived well, spread rapidly the first 2 years after transplant-
ing, and was then gradually replaced by taller species. They suggest that it
is a valuable plant for early stabilization of bare sites. It evidently
warrants further attention.

6. Seaside Arrowlrass (Triglochin nmri.itinz).

This plant is a very plentiful pioneer in the northern Pacific coast. In
most areas it will be found lower in the intertidal zone than either Lyngbye's
sedge or tufted hairgrass. Seaside arrowgrass has been planted on a limited
scale (J. Armstrong, U.S. Army Engineer District, Seattle, personal communica-
tion, 1979). Multiple-stemmed transplants or plugs are likely to be effec-
tive. Procedures should be similar to planting Lyngbye's sedge. When planted
with sedge, the two species should overlap at MLHW and the arrowgrass should
extend somewhat lower than the sedge.

7. Siltgrass (Paepalum vaginatum).

On the peninsula of Florida, this grass often occupies or shares with
saltmeadow cordgrass the zone just above MRl normally reserved for saltmeadow
cordgrass elsewhere. It spreads rapidly, is more drought resistant than the
latter, and is easier to transplant under the frequently dry conditions
occurring along those coasts. Propagation, transplanting, and management
requirements appear to be very similar to those described for saltmeadow
cordgrass.

VIII. COST

1. Cost Coparision with Other Erosion Control Methods.

Vegetative stabilization is the least costly of all erosion control
measures. A 10-meter-wide (landward to seaward) shoreline planting requires
an investment of only about $12 per linear meter to hand plant sprigs and
about $28 per linear meter to hand plant nursery seedlings (based on labor
costs of $15 per hour plus 100 percent for overhead). Costs for structural
alternatives will range from $50 to $1000 per linear meter. Figure 36
compares planting costs with four standard structural alternatives. In

* addition, planting does not require any specialized equipment and smaller
projects can be undertaken by a crew of two to three people.

Because vegetative stabilization is cost effective, planting should often
be attempted even when success is questionable.
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2. Planting Costs.

a. Site Preparation. Sites which have little likelihood of being
successfully stabilized can be modified to improve their suitability. The two
primary methods of improving a site are: (1) grading of the beach face or (2)
constructing a wave-stilling device.

(1) Grading the Beach Face. Grading the beach face can increase the
width of the area available for planting and the distance over which wave
energy will be dissipated. This will usually improve the chances for success-
ful plant establishment. The following is an estimate of the costs required
to create a I on 15 slope in front of a 1-meter-high bank (adapted from
Eckert, Giles, and Smith, 1978):

Method Cost per cubic meter Cost per linear meter

Dredge (hydraulic $4.50 $33.75
placement)

Dimp-truck placement 9.00 67.50

These values were calculated assuming: (a) there is easy access to the
work site, (b) the fill material is within a reasonable distance to the work
site, (c) all construction is in an area of low to moderate wave climate, (d)
grading is included in the estimate, and (e) the hydraulic dredge is used foronly large projects in excess of 1000 linear meters.

(2) Wave-Stilling Devices. Wave-stilling devices are used to protect
the planting from severe wave impact. These can be very helpful in protecting
plants through the critical establishment period. The following is an esti-
mate of the cost of constructing two low-cost wave-stilling devices:

Method Cost per linear meter

Rubber tire breakwater (tmo tires $25 (adapted from Webb and
high, labor included 1 ) Dodd, 1978)

Sandbag dike breakwater (1 meter $100 (adapted from Eckert,
high with filter cloth included) Giles, and Smith, 1978)

1Labor is estimated at $30 per man-hour ($15 per man-hour direct
costs plus 100 percent overhead).

b. Harvesting, Processing, and Planting. The labor required to acquire
or produce propagules and to plant is the principal cost of a project unless
site prepa-ition or temporary protection is required. Labor demands vary
widely with species, availability of plants and seeds, type of propagule,
accessibility of the site, soil type, size of operation, and degree of
mechanization used. Working hours in the intertidal zone are controlled by
tidal regimes. Both harvesting and planting are usually confined to about a
5-hour period per tide. This restriction requires careful coordination for
efficient operation and often adds substantially to the cost.
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Though the amount of labor necessary to harvest, process, and plant may
vary widely from project to project, experience from previous studies is use-
ful as a general guide to estimate labor requirements. Table 4 sumarizes
several estimates of labor requirements for various species and propagule
types.

Table 4. Man-hours required to harvest, process, and plant 1,000
planting units.

Species-Operation Plant materials
Sprigs Seedlings Plugs

Smooth cordgrass
Harvest and process
With plow 2.51
With backhoe 3.31 -
By hand 5.01 16.72

Planting:
With tractor 2.81 _
By hand 5.51 -
With power auger - 62

Pacific cordgrass
Harvest and process 10.03 49.03 29.13

Plant 22.03 37.03 57.03

Lyngbye's sedge
Harvest, process, and plant 9.64 -

Tufted hairgrass

Harvest, process, and plant 8.74 -

lWoodhouse, Seneca, and Broome (1974).
2Estimated from advertised costs of 3- to 4-month potted nursery

seedling, Environmental Concern, Inc., 1979. Assumed labor to be $15
per hour and overhead rate of 100 percent.

3U.S. Army Engineer District, San Francisco (1976) (cohesive
sediments).

4U.S. Army Engineer Waterways Experiment Station (1978).

Smooth cordgrass sprigs can be harvested, processed, and planted by hand
at a rate of about 10 man-hours per 1,000 plants. Sprigs of Lyngbye's sedge
and tufted hairgrass can be planted at about the sam rate. Sprigs of Pacific
cordgrass appear to be more difficult to plant, as indicated in Table 4.
However, the Pacific cordgrass planting (U.S. Army Engineer District, San
Francisco, 1976) was done in cohesive sediments which greatly slowed the
planting operations. The preparing and planting of nursery seedlings is more
than twice as time consuming as using sprigs-about 23 Usn-hours per 1,000
planting units. Using plugs is at least three times more time consuming than
sprigs.

82

* , ? &



'7

c. Site Maintenance.

(1) Fertilizer. Conventional fertilizer costs (including materials
and labor) are variable but will range from about $150 to $250 per hectare
(1980 prices) ($0.15 to $0.25 per lintar meter for a 10-meter width) the year
of establishment. Slow-release fertilizer is considerably more expensive,
about $1,500 to $2,500 per hectare (1980 prices) or $1 to $4 per linear meter
for a 10-meter-wide planting.

(2) Debris Removal. litter such as wood, styrofoam, algae, and
dislodged submerged plants accumulate in the high marsh and form a debris
line. This material may smother and damage plantings particularly during the
first two growing seasons. This litter should be removed in both the fall and
the spring. An estimate of labor required to perform this work is not
available.

(3) Wildlife Predation. Canada and Snow geese are fond of the tender
roots and rhizomes of marsh plants and may destroy plantings before establish-
ment in areas near waterfowl wintering concentrations. Rope fences erected on
the seaward edge of planted areas have been used successfully to exclude
waterfowl during the first few growing seasons. The fences consist of wood,
metal, or plastic pickets strung with nylon rope. The ropes are spaced at 15-
ceAtimeter intervals from the sediment surface to MHW (Garbisch, personal
communication, 1977). Estimates for the cost of this work are not available.

3. Summary.
a. Cost Comparison:

(1) Vegetative stabilization (10-meter-wide, landward to seaward
planting):

(a) Sprigs - $12 per linear meter.

(b) Nursery seedlings - $28 per linear meter.

(2) Sandbag revetment - $50 per linear meter.

(3) Quarrystone revetment - $70 per linear meter.

(4) Gabionwall - $140 per linear meter.

(5) Wood sheeting bulkhead - $1,000 per linear meter.

b. Planting Costs:

(1) Site preparation (as required):

(a) Grading - $35 to $70 per linear meter.

(b) Wave-stilling devices - $25 to $100 per linear meter.
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(2) Planting operations (10-meter-wide, landward to seaward
planting):

(a) Sprigs - $12 per linear meter.

(b) Nursery seedlings - $28 per linear meter.

(c) Plugs - $35 per linear meter.

(3) Fertilization (10-meter-wide, landward to seaward planting):

(a) Soluble - $0.15 to $0.25 per linear meter.

(b) Slow-release - $1 to $4 per linear meter.

IX. IMPACT ASSESSMENT

1. Potential Benefits.

Salt marshes are valued as sources of primary production (energy), as
nursery grounds for sport and commercial fishery species, and as a system for
storing and recycling nutrients and pollutants such as nitrogen, phosphorus,
and heavy metals. Once established, erosion control plantings function as
natural salt marshes and gradually develop comparab animal populations
(Cammen, 1976; Cammen, Seneca, and Copeland, 1976).

a. Marsh Ecology. Little of the biomass of salt marsh, about 5 percent,
is consumEd while the plant material is still living. Grasshoppers and plant

j hoppers graze on the grass and are, in turn, eaten by spiders and birds.
Direct consumption of rhizomes and culms of marsh grasses by waterfowl may be
significant locally near waterfowl wintering grounds. Periwinkles graze on
algae growing on the grass. The majority of the energy is believed to move
through the detrital food chain. Dead grass is broken down by bacteria in theIsurrounding waters and on the surface of the marsh. This process greatly
decreases the total energy but increases the concentration of protein,
thereby, increasing the food value. Some detrital particles and mud algae are
eaten by a variety of detritus feeders such as fiddler crabs, snails, and
mussels; these organisms are, in turn, eaten by mud crabs, rails, and
raccoons. The remaining detritus, augmented by the dead matter from the
primary and secondary consumers, is washed from the marsh by tidal action as
new export. This exported detritus, with material from submergent aquatic
plants and the plankton, feeds the myriad of larvae and mature fish and
shellfish which use estuaries, bays, and adjoining shallow waters. Harsh
grasses may account for most of the primary production of the system in waters
where high turbidity reduces light penetration, thereby reducing phytoplankton
and submergent aquatic production.

The productivity and utilization of high marsh has received less attention
" than that of low marsh. Indications are that net production of some high

marsh may equal that of many low marshes. The important difference, however,
t ..* is that the export mechanism of frequent tidal flushing is absent in high

marsh. Consequently, much of the high marsh biomass goes into peat formation,
in situ rather than into the estuarine food chain. For this reason, high

* I marsh appears to be of uch less direct value to the estuary.
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The rigorous environment of the salt marsh sharply limits the number of
animals living there. These areas are used by birds such as herons, rails,
sandpipers, geese, ducks, and songbirds and by raccoons. A much larger popu-
lation of animals lives in or on the mud surface. The more conspicuous are
fiddler crabs, mussels, clams, and periwinkles, less obvious but more
numerous are annelid and oligochaete worm and insect larvae. In addition,
larvae, juveniles, and adults of many shellfish and fish are commonly found in
the marsh creeks.

Little is known of the animal populations and the feeding relationships in
high marsh.

b. Nutrient Cycling. Salt marshes have substantial absorptive capacities
for potential pollutants such as nitrogen, phosphorus, and heavy metals
(Williams and Murdock, 1969; Woodhouse, Seneca, and Broom, 1974). Increased
growth of salt marsh species, particularly smooth cordgrass, in response to
nutrients has been noted at several locations (Valiela and Teal, 1974;
Woodhouse, Seneca, and Broome, 1974; Garbisch, Woller, and McCallum, 1975;
Patrick and Delaune, 1976; endelssohn, 1978). Under some circumstances,
smooth cordgrass will increase growth in response to fertilizer applications
of as such as 672 kilograms of nitrogen (N) and 74 kilonewtons of phosphorus
(P205) per hectare per year (Woodhouse, Seneca, and Broome, 1974, 1976).
Apparent recovery of applied nitrogen may be as high as 40 to 60 percent in
shoot growth alone, a value that compares favorably with upland field crops.
The potential for substantial recycling and exporting of nutrients to the
estuary exists. The absorption, conversion, and recycling capabilities of
marsh plants offer real opportunities for water purification (Woodhill, 1977).

c. Esthetics. Marshes are a visual transition between land and water and
a natural feature of the landscape adding form, color, and texture to the
shore. Unlike other forms of shore protection, once plants are established
there remains no visible evidence that there has been a human effort to reduce
erosion as illustrated by Figure 37. In addition, the unique assemblage of
birds and mamals which are associated with marshes are of interest and are
often subjects of photographic and illustrative art forms. Standard
structural methods of shore protection may visually alter the shoreline (Fig.
38), creating a barrier rather than a transition between land and water.

* 2. Potential Negative Impacts.

a. Public Access. Vegetative stabilization discourages certain recrea-
tional activities. Vegetation discourages public access for water-oriented
activities such as swimming, wading, and sunbathing. In addition, vegetation

* discourages fishing from the shore; other shore protection structures often
provide a platform for fishing use.

b. Heavy Netal Release. There has been concern expressed that intertidal
marshes are a mechanism for releases of potentially toxic, heavy metals to
estuarine systems and the ocean. This is a subject of extreme complexity.
Gunnison (1978) has recently summarized existing information on mineral
cycling in narsh-estuarine ecosystems.

In general, the release of heavy metals is not a major concern for share
stabilization projects unless sediments with high levels of heavy metals are
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Figure 37. Vegetative erosion control project (Maryland).

I

Figure 38. Erosion control structure (Maryland).
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used to grade the site prior to planting. In which case, the issue of heavy
metal release should be resolved on a case-by-case basis.* However, it is also
advisable to consider this issue when sizable shore stabilization projects are
proposed for areas with highly polluted sediments.

c. Introducing Nuisance Species. Although most coastal marsh species are
highly regarded as ecologically beneficial, some are not. Common reed
(Phr'agomtiee onwtnis) in particular has a reputation in this country as a
nuisance plant. More literature is available on eradicating common reed than
on planting it. It is purported to be of little direct value to wildlife and
aggressively crowds out other desirable species. It grows in dense monotypic
stands often to a height of more than 3 meters, which can interrupt views of
the water and preclude public access.

The introduction of nonnative species may also have negative impacts.
Most marsh plants are aggressive colonizers. When introduced to regions where
they do not occur naturally, they may spread rapidly in the absence of the
diseases and predators which act as biological controls in their native
environments. However, in their new environment they may displace species
which have ecological or agricultural significance. For these reasons all
plants recomended for planting in this report are native in the region for
which they have been recommended.

d. Nutrient Pollution. The possible contribution to eutrophication
should be considered when the addition of nutrients to any part of an estuary
is contemplated. Although there are no data bearing directly on this ques-
tion, the following are sound reasons to believe that the judicial use of
fertilizers in developing marshes for shoreline erosion control is unlikely to
contribute significantly to the pollution load of estuaries:

(1) The amount of nitrogen applied in a planting encompassing
only a small part of an estuary will be insignificant in comparison
with the nitrogen regularly entering that estuary from other sources

* (agricultural, municipal, and industrial).

(2) Little phosphorus is likely to leave the planted area because
of the affinity of marsh sediments for this nutrient. The planting
will remove and immobilize phosphorus from the estuary in succeeding
years.

(3) Utilization of applied nitrogen by marsh plantings can be
quite efficient. Apparent recovery in aboveground growth in the year
of application has been as high as 50 percent, comparable to that of
most upland crops (Woodhouse, Seneca, and Broome, 1976).

(4) Slow-release materials will contribute even loe to the
estuary.

(5) Fertilization will usually be a one season, or In rare cases,
a two- or three-season event. The resulting marsh will be capable of

* imobilizing such larger quantities of pollutants every year.
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3. Summary.

a. Potential Benefits:

(1) Marsh ecology - tidal marshes are ecologically valuable.

(2) Nutrient cycling - tidal marshes have substantial absorptive
capacities of potential pollutants.

(3) Esthetic - tidal marshes are esthetically pleasing.

b. Potential Negative Impact:

(1) Public access - tidal marshes discourage some water-oriented
recreational activities (fishing, swimming, and sunbathing).

(2) Heavy metal release - tidal marshes may concentrate and
export some heavy metals.

(3) Introducing nuisance species - some tidal marsh plants are

considered to have little environmental value.

I
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